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ABSTRACT 


This thesis describes a set of APL programs which ¢nable 
a student to learn A Programming Language (APL) by using it. 
Been student needs <c Know only how t9 log on to the comp 
and enter a few simple commands to begin the courses. 


The basic unit of the TUTOR workspace is the text vari- 
ent 


able which describes the us¢ of one of saventy-five built-in 
APL functions. PMNeSseesetri prion 1S accsssible by a HELP 
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functions cenduct interactive question-and-answer 
Tame runctiem Lasts the units for studen 
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H=ssONn Of iNfSrmation on 2 Symbol. Pie. smiles C 
through a sequence of lessons in a tomputer-driven course. 

Miso eeodsams were Whitten on and for the IBY 3933 
mmccalletion at Naval Postgraduate Schocl, using APL version 
Peeeetor VN/CMS wath IBM 3278 terminals. 
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I. BACKGROUND 
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A Programming Language (APL) i185 an interactive 


pretive computer language designed by Kennéta EB. Iverson 


sv 
qd 


Hervard in 1962. ts advantages inslude the ease of manipu- 
iae2 On Of MULtI-dimensional errays 2£ numbers, the lack of 
BegorouSs iraput/output formatting, and the us@ of wuniguse 
mmmyens <6 TE0Oressnt a wide varicty of built-in functions. 
Unizke other high-level languages, Bperes 2s Nom 2ed licen en’ 
to write and compile a strictly formatted program before 
execution. APL may be used in "desk calculator" mode, whers 
a sirgie line of input is accepted and evalueted, returning 
an immediate response. While it hay take quite ecome tine 
1 


for the user to master APL fully, che beginne 
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jump in and start experimenting. 

The APL TUTOR was designed to na 
student to gain some familiarity with the Ss 
Sree language without going through a formal 
@emststs of 2 set of APL programs which enaob 


e 
a 

to enter Simple commands and receiv? information, que 
u 
if 


S2tens, 
oede czill about the symbols and functions SoG a2 ee A Pi. 
mme= at present no information on writing functions is 
included, it may be used as a supplement to the normal mods 


of teaching at NPS. 

Currently the APL student's resources at NPS consist of 
mre inSctrucctor, other students, and taxts such as thess 
Hes-ed in the bibliography. There also exists a copyrignted 
IBM drill function, TEACH, found in the APLCOURS workspace 


in the public library of most APL installations. (At NPS, 
1% can be accessed by entering )LOAD 1 APLCOURS while in APL 
mode.) su loli) 7a Ula oneeyopeue andweaasiwb-function, BA SLD. LL, 


Peavicge Simple drill questions for calculator functions 





selected by the student. This workspace doés not, hewever, 
Paeweaoeaty Inftormaticn Concerning the correct use or syn7zax 


eemany functions. 


fu 


The specific audienc2 targete foc as eco fn lod 


quarter NPS students in the Operations Analysis curriculun, 
D 


wT 


who are currently taught APL in one-hour weekly labs as 


ub 
ct 


eme-ehres prcbability and statistics courses. NA Viera (O- 
most, of these students éerrive at NPS from six weeks to six 
Memens beroze their first quéerter. icemwolceoes Ce Enel 


ca 
as 
iD 
4 
wD 


advantage to get a ‘head start’ on learning APL, but 
is no separate course in this language as there is in 
BeetRAN Or PASCAL, for examrle. 

Mast eCece quirement £or the TUIDR, then, is that 22 be 
comprehensible ~o someone who has n2ver seen APL bef af 
Peewee ene "G=sk calculator" functioras should be und 


able to someone who has never even used a computer be 


Senplis=ic <O the student who has some progranmnina 


Q 
1D 
bs 


£ 
This means that some of the beginning lessens nay seam 209 
p 


ence. However, the more advanced student can ¢asily skin 
jmeeCugkh thiS primary material and progress to the mo 
sophisticated concepts. Tntermediz2te mathematics in 
@emee nts Of linear algebra is the only background in 
tion that is assumed. 





II. USING APL TUTOR 
The APL TUTOR workspace should be available in one of 
feme public dabraries at NPS. Pisces lectOls ces l0ad. rg and 


copying it are on the first page of Appendix A. hoy os 


a 


meeraVvValtlable in the public libraries, i+ can be obtained 
from Professor R. &R. Read upon request. 

Dremaelmtu LOR WOEKSpace Contains sixtesn functions which 
administer the course. Iheiweeanterselatrorship is shewa in 
Fegure B.1. In this diagran, th ovals indicate functions 
which are called by the student, while rectangles indicate 
meemeGcions which are c@élled internally. mis “oo OCeaGUSe (Or 
Peeeecunct.son a= Outlined in Figures B.4& ‘through 8.24. 
Mier ner ANtGrmation can be found in the comment lines of 
seen progran in Pusat By Bese Bs 

imme dectWal text of the course is contained in APL v2ari- 
ables which 2re display2d by the ‘functions SHOW and RUN. 


Mremtext Of Gach veriable can be found in Appendix B, pa 


af 
“~ 
by 
ct 


me. ALSO in Appendix B (part C.1) are several global vari- 


@eees which are used in various programs. "Most impcrtant of 
these is MAT, which provides infornation on each text vari- 
mos], Such @s the symbol it pertains to, the function ¢t 
(Monadic/Dyadic/Neither), the -typ2 of arguments it ta 
mimetic, Character(K), Bither, Boolean), tne ramak of the 
Seqguments permitted (Scalar, Vector, matrix(X), Any), and 4a 
equential lesson number. The othar major global variable 
[MeeurbS, which consists of a number of questions that can be 
Gare ec upon by the ASK function. 

Before commencing *he APL TUTIR course, the student 
needs to have, as a Minimun, the instructions given on the 
first page of Appendix A. The other information the student 


will need is displayed by the TUTOR, and is also included in 





Appendix A, which should be given to all students who will 


be using TUTOR. The variable HOW is displayed e¢ach and 


§2» 


every time the workspace TUTOR is loaded by the student, 


$s 


a 
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can aiso be calied up at any tine by entering HOW. 


ther variables in Appendix A are displayed by the Si 


r-3 

mB oF i 
us 
1-3 


(p 
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5m 
function. Most may be called up by the student at any = 
as noted. 

Figure B.1 shows the variety 2.£& ways the student can 
eeeessS and use the information in TUTOR. The beginnsr 


enters START to get the basic background information needed 


to complete the course. SUye hie walices eae Student <5 
pemeer LessON 100 to begin the cours>. After completing this 
lesson, the student merely has to @entsr LESSON NEXT «0 


hereeive the instructional units in the order indicated in 
tha variable MAT. 

The student who is enrolled in @ course using APL may 
mero fOliow the instztuctozr's guidanc2 concerning lessons to 
take2. The student enters LESSON NNN, where NNN is the 
lesson number assigned. A more advanced student can ¢xplor 
or review earlier lessons by entering TEACH and then the 
symbel that he/she is interested in. 

The more advanced student may also be interested in the 
Peee function which displays information without askin 
Mee clt eas Of providing a drill. The student can enter HELP, 
followed by the appropriate symbol, or INFO NNN, where NNN 
is the same as the pertinent lesson number. These lesson 
numbers can be found by entering MENU and browsing the list 
displayed. MENU alse repeats th? instructions for using 
PessON and INFO. 

Effort has been made to eénsura that the programs wiil 
not terminate abnormally in response to a student input 
SaEOr. Every input is checked f5r validity before it is 
processed. For example, see the function DRILL, page 59, at 
lines 8 to 17. However, because it is not possible to check 
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Peg@eeve=y possible nput or combination of inputs, there nay 
still b2 some way *o cause an error. eS ea liee LO 

Sraenmc ain Case Of an error are included in the BASICS 
displayed by the START function. The student should have 2 


hasd Copy Of these instructions, as wall. 


MiyeanPite Sy tne student at 2 time when ne input is 
calied for will cause an abnormal termination. Pike 2S 
inherent in the APL interpreter and cannot be avoided by the 
programmer. HOWweVGE, “all the stujens needs tO dc zn thas 
case is restart by entering one of the eliementary ccmmands 


(HELP, TEACH, LESSON, etc.) 


A sample run is included at Appendix C. 
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III. EXTENDING APL TUTOR 


There are many wayS in which the APL TUTOR cér be 
expanded to improve its usefulness. Lessons cculd be 
included on the many system commands and variables which are 


feedean APL. Awxiliary lessons on groups of functions, ¢.4qg. 


fiegicai functions, and heme: basis concspts cculd provid: 
useful additional information. Lessons could be added to 
@esecribe pregranming techniques, and amplirying l=ssonrs on 


pepe recacions COoula be provided. Probably any of the lesscns 
Could benefit from additional questions to be inciu 
mye ASK function. DiSsowmc le Aske fune-s2on 2 2Sselt <¢cc 
modified to permit mcre complex guestions and answers. 

Another type of improvement from the pedagogical point 
Or View would be the inclusion of facilities for neasuring 
and recording students’ proaress. The student could be 
tested after every lesson or group sf lessons and =he scores 
recorded for the instructors review. Or, the course could 
be designed +9 automatically review the student's weak areas 
and retest before going on. In any cass, it might be bene- 
ficial to include lessons which raview concepts covered by 
the course so far. 

A test and evaluation of the TUTOR would be extremely 

u 


Students could be tested for hair knowledge of APL ana 


h 
Beneticial in comparing it to the surrent teaching methods. 
= 
mn ed to *hose who had not. 
he TUTOR could be tested 


zt taxts could be used, 


those whe had us2d the TUTOR co 
Furthermore, different versions o 


(D 
ie) 
(D 


against each other. Several. aiff n 
oz versions with and without the drill functions. 

This could lead to a still mor2 sophisticated modifica- 
tion of the course, in combination with programmed student 


testing. heeecean Loatial unit, *he testing could be 
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designed to reveal what type of PeoemUetlON,eg 2.6. drill’ or 
Gemenalt. works best for that individual student. Gs,y <cne 
student could simpiy be asked his or her preferences in 
terms of teaching techniques. Then the cours? would auto- 
matically tailor later lessons to the individual. 

All of these changes require someone skilled in APL to 
mod: fy the current programs. These programs have beer 
heavily documented by flow charts and comment lines 
Meeemaix By) in order t> make the task of modification 
easier. MESopmES PC CGlfac 1nStructztons for cettain types of 
modifications are included in the variabie HOWMODS, Appendi 
Eye Dare: D. Any advanced student can personalize a copy of 
MTOR With the help of these tips. For more substantial 
modifications such as those sugqgested above, the point of 
Beteercee £On the public version of FUTOR at NPS is Profess 
heme. Pead, 


tf 


ees 





ing 
ile 


M's 


11. 


APPENDIX A 
USER'S GUIDE TO APL TUTOR 


PeUennve Never BVER USED THE COMPUTER BEFORE, START HERE: 


GometO tne.) Registration and Accounting Office inside 
Ingersoll WM. Jol. Ask for a user number. vow wl 
need to tell them the password you want to use. : 
Wiees yOu are thera, pick up a copy of NPS Technical 
Note Vi-01, "User's Guide to VM/CMS at NES." 
Follow thé Bree ny Sil Ole lLOr logging, On and 
mosmes=ing yous aaa Le, your Siegene hacw 2221S esa 
Syapol:s On it, continue wi See OG pe wOw. 
Otherwise, log’ off’ ane M-01) and continue Weccipess] pod 
when you are ready. 
emer Ou SHAVE FORMATTED YOUR DISK, START HERE: 
Find a free terminal (in es aes Room 1ral of =OCm) 36°) 
+hat has red symbcls on the keyboard. 
bog On end enter your password. 
When you see a line beginning <IMS..., press the ENTER 
ey. 
when Velma scna Line D2eGinhiagG Ri) «.., enter the Letters 
Melecsnould See severe: lines appear ending wath the line 
Mean Wo. Lf you don't, stop hete and get help! 
Now icok_ at the bettom center of your screen, below whe 
iene . t= you _see the letters APL, O OF ©O the next 
step. Pe clm@aOonh' =, NOld Gown the ALT Key (next <o the 
BNIER cel and press the Boe k3y at the top right of 
me Bein Keyboard which has AFL ON-OFF in rad let térs on 
Poe ETON. The letrers APL should now appear at «ne 
bOreOnM Of YOUr Screen. Minow eel to ele ceanshad =O use 
Eee red symbols Wien YOU UPSshirs. TO. Use ene red 
mbols Gmc neeeEOne Of <he keys, you must hold down the 
i T key instead of thea SHIrT key. 
Mepeitoplo, THE VERY FIRST Tiss YOU ARE USING APL TUTOR, 
ENTER ) LOAD a Sno. (Remember to use the red paren- 
maesaS, cthicd row, far at not the black parenthesis 
fr Eehe too xccw.) GEE OUEOW tH: DERECTLONS GEVEN BY YOUR 
iNo CRUCTOR. aie ou have used TUTOR before, and you 
followed the directions in steps 12 and 13 below, just 
entet ) LOAD TUTOR, . 
Now just follow the dix ectioas which appear on the 
screen, ieee iatrectOn= appear, and al oa see is 2 
Line which =2 SeSAVED... and D9SSibly_ a line which says 
WSSIZE... er HOW to see the directions. Pen pe Suse 
that the dizecticns a eas every time, enter START, and 
BOLL Ow StSps and 13 when you finish your session. 
ie 2o2S is Mie first time you have used TUTOR, enter 
)WSID TUTOR. 
when you aze ready to quit ‘tor the a nter )SAVE. 
When you see the time, date, and G20R encer j)OFF. 
Mias Willi log you off the Se ee eae Steady. (For 
Bone advanced students: OEE HOO wwii Feturn. you £06 
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HOW 


YOU MAT USE THE AFL TUTOR IM THREE wars: 
(1) ENTER! HELF 
TO SELECT THE SYMBOLS THAT TOU WANT IMFORMATION ABOUT, 
(2) ENTER! TEACH 
TO SELECT THE SYMBOLS THAT TOU WAHT IMFORMATIONW GHD DRILL OM, 


(3) ENTER? MEMU 


hBOeocee © EIST OF SIMEOLS GH TOFICS, 


IF YOU HAVE MEVER USED THE AFL TUTOR KGEFORE, ENTER? 


N 


Tak 


aa 
=f 


ieee ee THESE TMSTREUCTIONS AGAZTH AT AMY TIME, ENTER? HOW 





IHTRO 


BeLCOME TO THE APL TUTOR, 


THE FURPOSE OF THIS WORKSFACE 15 TO IHTROBDUCE YOU TO 


TA FROGRAMMING LAHGUAGE' EY TPESCRIBING THE FUNCTIONS QF THE 
MAHT SFECTAL AFL SYTMEOLS, AND FY OUTLINING THE FROCEDURES FOR: 


DESIGHING YOUR OWH FUNCTIONS, 


RACKGROUNT 


THE APL TUTOR ASSUMES YOU HAVE HAD LINERF ALGEBRA ANE TRIGINOGMETRY, 
Seecucys [5 t10T NECESSART, 

IF YOU HAVE HEVER HAD ANY COMFUTER FROGRAMMING BEFORE, DON'T WORRT, 
JOU CAN START USING AFL FRIGHT AWAT, AS A SUPER-SOFHISTICATER 
CALCULATOR WITH MANY BUILT-IH FUNCTIONS, 

IF YOU HAVE STUDTED OTHER COMPUTER FROGRAMMING LANGUAGES, RELAN, 
AFL IS HOT LIKE AtMyY OF THE OTHER MAJOR HIGH-LEVEL LAHGUAGES, 
TOU CAN FORGET ABOUT DATA TYPES, INPUT/OUTFUT FORMATTING, AE 
feiveeer THE OTHER TEDnTOUS DETAILS OF FORTRAN, FASCAL, ETC, 
AFTER YOU SRE SUFFICIENTLY FAMILIAR WITH THE CALCULATOR HCTE 


OF AFL, TOU CAM LEARH TO DEFINE YOUR OWN FUNCTIOHS WITH EASE, 
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BASICS 


HERE IS SOME BASIC INFORMATION TOU WILL HEED TO KHOW TH ORDER TO 


UNDERSTAHDT THE AFL TUTOR LESSONS, 


MOHADIC GHD OYTADTIC FUHCTIONS 
YOU ARE ALREADT FAMILIAR WITH STMBOLS WHICH REFRESENT ARITHMETIC 
FUNCTIONS, SUCH AS + CR +, Are USES THESE STHMEOLS GHD Many OTHERS 
TO REPRESENT A VARIETY OF FUNCTIONS, 
MANY FUNCTIOHS, SUCH AS 4+, REQUIRE TWO AFGUMENTS THAT TS, TWO THPOUT 


NHUMEERS, IN APL, THESE ARE CALLED DYaric FUNCTIONS, AHE THE STMEOL 
IS FLACED BETWEEN THE ARGUMENTS; FOR EXAMPLE, 344, 
OTHER FUNCTIONS, SUCH 5 LH (NATURAL LOG), REQUIRE ONLY ONE ARGUMENT, 


THESE MOHADTTIC FUNCTION SYMBOLS ARE FLACED TO THE LEFT OF THE TATA 


= @8 a 2s oe oe oe 


ish 


WHICH THEY ARE TO OFERATE ON, FOR EXAMFLE, LN 3 IN AFL IS 93, 
DATA TYFES 
AFL DISTINGUISHES ONLY TWO TYFES OF DATA’ MUMERIC AND CHARACTER, 
VERY SIMPLY, CHARACTER DATA ARE ENCLOSED IN QUOTES (') WHEN ENTERED, 
191 TS CHARACTER DATA; 2 IS NUMERIC DATA, SOME FUNCTIONE 


WILL OPERATE OM BOTH TrFES OF DATA, SOME ONLY OH NUMERIC, 


ARRATS 
THE GREATEST STRENGTH OF AFL LIES IR ITS ABILITY TO TAKE GH ENTIRE 
ARRAT OF HUMBERS AS A SINGLE ARGUMENT, THUS TWO MATRIXES CAN KE 
ADDED EY ENTERIHG SIMPLY Ate, WITH HO SUBSCRIFTS, LOOFS, ETC, 


THIS MAKES IT IMPORTANT TO KNOW THE RAKK (THE NUMBER OF DIMENSTOMS ) 


OF BATA IN USE, A STHGLE NUMBER [5 WHORMALLYT 4&4 SCALAR (RANK O), 


A SERIES OF HUMBERS IS A VECTOR, A ONE-DIMENSIONAL ARRAY (RAHK 1), 


HUMBERS CAN ALSO EE ARRAHGED IN ROWS AND COLUMHS, TO MAKE A MATRIX 


(RANK 3), MATRIXES CAN BE 'STACKEDR' TO MAKE UF THE FAGES OF A 


THREE-DIMENSTOHNAL ARRAY, OFTEN CALLED A BOOK (RANK 3), Lht FACT, 
THERE IS NO LIMIT TO THE NUMBER OF DIMENSIONS Ih AN APL ARKRAT, 


THE LENGTH OF THE DIMENSIONS IS ALSO EFFECTIVELY UNLIMITEL, LEHGTH 





REFERS TO THE HUMBER OF ELEMENTS IN A DIMENSION, FOR EXAMPLE, 
THE WUMBER OF ROWS, LENGTH MAY EVEN KE QG, 
Ii THIS TUTORIAL, A SCALAR MAT FE REFERRED TO AS S, Ly, OF F, 
A VECTOR MAT BE CALLED V, Vi, OR V2, WHILE A MATRIX IS My, Mi, OF HD, 
AM ARRAT, WHICH MAT BE @ VECTOR, A MATRIX, OF AM ARRAT OF AHT HIGHER 


DIMENSION, WILL &E LABELLED A, Aj, OF AD, 


EMAMPLES 
WHEM EXAMPLES ARE GIVEN IM THE TEXT OF A FUNCTION DESCRIFTION, THE 
STMBOL =) IS USED BETWEEN THE EXMOAMFLE INFUT GND THE EX@MFLE OUTFUT, 
FOR EXAMPLE? 45; =) 7 


THIS STMEOL CAM BE READ AS 'FROTUCES' OF 'RETURNS' , 


ERRORS 

YOU SHOULD HOT RECEIVE ANT ERROR MESSAGES WHILE USING AFL TUTOR, 
HOWEVER, TOU MAY SEE A FHRASE LIKE ‘VALUE ERROR! (WITHOUT QUOTE 
MARKS) WHEN TOU ARE EXPECTING A NORMOL RESFONSE, 

OR IF YOU ACCIDENTALLY HIT THE ENTER MET WHEN THE COMPUTER I5 NOT 
EXPECTING AN IHFUT, THE FUNCTION MAY END ABRUFTLT, LIKE THIS? 
MEHU [4] 

IF EITHER OF THESE THINGS HAFFEN, EE SURE TO ENTER? 4 (WESHIFT =) 


THEH RESTART WITH AMT COMMAHD, 
HALTING A LESSON 
TOU MAT STOF ANT LESSOH AT AMT FOINT WHERE A QUESTION 15 ASKED 


Pe rreRLlitG = 1OF 


TO SEE THIS INFORMATION AGAIN AT ANY TIME, ENTER? SASTCS 
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TOU 


ol) 


(3) 


HOWTEACH 


MAT START 
ENTER? 
nee TAR t 
ENTER: 
TO START 
TO SEE A 


ENTER? 


eT CeSSsoH Tih Tak Servet S* 

DESS@HSHERTLESSUH 

THE SEESSOH FPOLLWIHNG THE LAST OHE r1rOU COMPLETED, 
LESSON HH (WHERE RHH IS A J-RIGIT MUMEBER ) 
LESSON HUMBER WHE, 

Elo OF LESSON HUMEERS, ERTER : MEwMU 


TEACH 


fomonieth THe SIMBOL THAT TOU WAHT A LESSON ON, 


TO SEE THIS IRFORMATION AGATH AT AMT TIME, ERTERS HOYTEACH 


Jug) 





foes, © LOW CHARTS 


MacempsieSsniows the pelatiornship of the varicus func- 
moms within the TUTOR workspece. Tha first function celled 
by the new student should be START. Ret em enat, eenSe Student 


will usually commence a session by calling MENU, ae He 
Hiei, LESSON, or INFO. These functions in turn call the 
other functions of TUTOR as indicated by the arrows. Tas 
PeseGedure of these functions is outlined in figures 38.2 


mmeough B.21. 

In APL, Premes ts m0 ) dif 
feeemeeTOuUT. Nes, SUDrOUutines, and functions; all are referre: 
memas functions. However, Ww 
meme. lOn, che caliing function is suspended until «he 
function is completed. Den ener scallsang “f 
Ooperaticn, possibly using the result of the c nc 
Meererore, “return to the cailing function, ae ony Yes 
mipkied at the end of every program but is not explicit 
moe amplyzna return, is shown in the jliagrams only in tho 
memetions Which are normally called by another function. 

it should be noted that “room for expansion" has been 
Bmoveded in the SHOW, RUNDRILL, DRILL, and TEST functions. 
RUNDRILL and DRILL have the capability to display driil 
questions with matrix arguments. ines (Gepacity is: net 


currently being used because the answer must be input in 


Nee-.Or forn. It was felt that this might confuse the 
student. However, further development and experimentation 


Might find uses for this type of question, so tne matrix 
form has beén left available. TEST and SHOW have calling 
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| 
iN 
O 


inane s tOGbe cth= Matrix form comment2ad oucx. There are a 


9 


comment lines in SHOW to indicate where matrix and high: 


(i) 
r$ 
t 


level arrays questicns would go if they are added in ths 
Sicute. See the section on making modifications for more 


Pron ma=ion. 

MaomrOunsriaccl Ons de the bottam 9£ Figures B.1 are rot 
momeeeeort the TUTOR function hierarchy. NEXTLESSON is used to 
provide a lesson number when the student calls for LESSON 
NEXTLESSON. ORV nMAt anism pDrOveded for the benefit of the 


programmer to rearrange the sequince of lessons in «the 
course. Bests alisO DroOvidsad fEor the programmer (or 
“areent) Who wishes to run only the drill section cf a 

Mees 9 


Peso. SQUEEZE 2S a utility callel by several f 


@eme ce Dienks 1n a4 string of characters. 
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eee 


ED 
Se 


pexruesson ORDERMAT SQUEEZE 


Figure B.1 Interrelationship of TUTOR Functions. 


ee 





displays 





Figure B.2 Procedure: ot: START Funct2on. 





Rigice Bes Procedure of MENU Function. 
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HELP 


Request 
Input. 





Accept 
response 


SQUEEZE : 
response 


N Find row 
{Indexes 


Y 


counter 


yi 
Regrets Increment 
message counter 
RUN 
(ROWS(I)) 


(Ay 








N 


Endtng 
message 





Figure B.4 Procedure of HELP Function. 
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INFO 
(NNN) 
i 
message 
Y 
Find ROW 
{ncex. 


Regrets 
message 


eo 
N 
RUN 
(ROW) 
Ending 
message 





Figure B.5 Procedure of INFO Function. 
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| nan 
nane. 
N Genera } 
o name 
Y 
Assitgn 
fullname 
SQUEEZE || Query 
fullname more 
info? 
Recrets " Accept 
| N 
» V tty ee / 
N | 
Arrays 
text 


Figure B.6 Procedure of RUN Function. 
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Request 
{nput. 





Accent 
response 


SQUEEZE 
response 


N Find row 
indexes 
Y 
N Start 
counter 
7 
message | counter 
SHOW 
(ROWS(I)) 
More 
N 


Ending 
message 






Figure 3.7 Procedure of IFEACH Function. 


ea 





N Regrets 
message 
y 
Find ROW 
index. 
yi Regrets 
message 
N 
SHOW 
(ROW) 


Ending 
message 






Figure B.8 Procedure of LESSON Function. 
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Set 
varfables 
Start 
— Seas 
Regrets Genera] 
message text C Se) 
Set ASK 
params y 
Bo-O 
1ag3 






a 


Figure B.9 Procedure of SHOW Function--1. 
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Ga Set ASK 
Om saree 

8 gO 
lag 
(aundaiae) : 








Zon. 
Y @ “7 hf — bef 7S 
} Sar t}i2- 
N 
7 (3) 


/ \ 
,RUNOR ILL | 


a 


Pr a Y Ca 
ag Stop ~ H ie 
ef 180 p> ey 


Figure B.10 Procedure of SHOW Function--2. 
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Ending 
message 





Figure B.11 Procedure of SHOW Function--3. 
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COUES? 


ASK 
aut 
Increment 
question 
Count 
‘ Y Start 
Toop 
counter 
N 


Regrets Increment 
message loop 
counter 
Start 
wrongans 
count 


Assfgn 
params A 
& Q 


SCORE 


Repeat 


if 


Stop ENS 


Proceed 


af 


Figure B.12 Procedure of ASK Function. 
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Set flag 
‘stop’ 


Figur? B.13 Procedure of SUMASK Function. 
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(see) 
Display 
question 


Accept 
Input. 


SQURSZE 
input 


Y | Inc wrong 
answer 
| counter 










Set flag 
“Stop * 








Inc wrong Correct 


answer Kye answer 
counters messace 
N 
Bey Set fia 
again ‘procee 
messaqe 
Set flag 
‘repeat 


Fagucoe Bo 14 Procedure of SCORE Function. 


<p 
> 


Right’ 
message 


Set flag 
*proceecdc’ 
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Start 
answer 
counters 


Add sym 
for red, 
Scan 


Format 
functfon 
adispla 


Set 
multipifer 


Figure B.15 


Ew 
& 


monadic Q 
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Format 
dyadic Q&A 





Review 
message 


Procedure of ROUNDRILL Function. 
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Uw 
7 Cc 
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© 
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He 
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default 
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question 


Set stop 
flag 


Figure B.16 


; Y 
Input N 
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entry 
message 


incorrect on Wrong 
answer 
message 

, af 


Correct In¢ wrong 
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counter 
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counter 


Procedure of DRILL Function. 
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Default 
return 


nut 





Format 
return 


Define 
Numoer 
poo} 


2 : 
; pool 


return 
for ilcas 
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Figure B.17 Procedure of PULL Function. 
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Start 
restart 
counter 


Y Set stop 
| flag 
UN 
ine 
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Pay 
A Y Get help 
message 








Set Truth 
N 
a Set 
Content 


flag 
fiag 


Start try 
counter 
—/ 


Request N 
input 
Inc wrong END 
Accept 
Input. 


Figure B.18 Procedure of [RY Function--1. 
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oy N 
Ask {f / Statement 
review / not true 
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~ WN Symdo] 
not used 


ry 
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Figure B.19 Procedure of [RY Function--2. 
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Figure B,20 Procedure of TEST Function. 
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Figure B.21 
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Procedure of SQUEEZE, 
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ORDERMAT 


Create 
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B. FUNCTIONS 


HiemEOliowlng Section COntadns tne APL functions which 
operate the TUTOR course. PicmecOntenc Lanes,  wuich begir 
with a SVileoweeonatcete the proceduse in general, but do 

et 


not describe the specific programming technigues used. 
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a] 
G2 
ss 
C4] 
ae 
Cé] 
ry) 
C8] 


V9 START 


A ENSURES 'HOW' AFFEARS WHEN WORKSFACE IS LOADED 


guke HOW! 


Ae orFLATS LHFORMATION FOR FIRST-TIME USER 


etuTroa 

Je RACKGROUNT 

feBASICS 

Qe¢HOWTEACH 

OeCk,'TO STORT TOUR FIRST 


V 


DESSsor 
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Tht 


AFL, 


EHTER? 


LESSOH 


Oe 





2) 
23 
C3] 
C4] 
i 
C4] 


9 MENUSZZZ 


q RFERQUTIRES GLORAL VARTARLE MAT 


Qe ' INFORMATION TS AYSTLABLE OM 


A FORMAT AND BISFLAT MENU 


SffeCarlds Or C1 7F1) 20 


THE FOLLOWING 


ST ME OLS ics 


COP COCPMAT) CLI) HS), 7B) PELSE\MATL LESCOL ,STMCOL,FHAMECOL J 


Oe'TO SEE MENU AGAIN, ENTER! 


ION ABOUT FUNCTION, ENTER: 


IHFO HMM (WHERE HM IS MEMU HUMBER ) 


',0R,'TO GO THROUGH TUTORIAL LESSON, ENTER: 


? 


ae 


MERU ! 3 OR 5 $ FA 


Pes sil leit 


THF ORMAT 





V RELF ZS STMEOL ROWS itis F 
Et] Gees GUEUE, MEU, SQUEEZE 
bey Det ' ENTER THE STMBOL(S) TOU WOULD LIKE IHFORMATION AEROQUT, ! 
£6 J ie? Sewer oe Mew SELECTION, ENTER?  MEHU® 
meee R VELETE ELAHKS IN RESFOHSE 
cS | STMEOL¢ESQUEETE SIYMEOL EG 
mmmeen tr RESPONSE IT5 'MEHU', GO TO ‘OTHER’, ELSE GO OH 
EL? } SOTHER X, (4=4+/4+/S7TMEOLe ,='MENU'! 
[8] pa FIND INDEXES OF ROWS THAT CONTAIN THE RESFONSE IN SYMBOL COLUM 
GD | ROWS¢ (MATE »sSTMCOL Jeg STMEOL)/ {LC PMAT) LL] 


C10] a IF HCO ROWS CONTAIN RESFONSE, GO TO 'OCFSZ! 


“ee 
ry 
i 
in 
rm 
Gi 
G 
i 


Ci1] 300FS3x.O=- ROWS 

[12] a9 START LOOP COUNTER AHD SET LESSON HR TO O 
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[20] sNEWROW,Z) Ro PROWS 

C21] qg FRINT FUHCTION ERODING MSG AND Peal 

[29] Q+'FOR MORE HELF, ENTER? HELP! 

wed «(30 

[24] 9 STMBOL HOT FOURD, FRIWT ERROR MSG ANE nit 

[C25] OOFSS:Qe'SORRT, THFORMATION ABOUT THIS STMBROL IS HOT AVAILABLE AT T 
HIS TIME,',CR,'FOR HELP WITH ANOTHER STMEOL, ENTER?! HELE, | 

C246] 30 

Meera RESPONSE 15 ‘MEWU'; EXECUTE RESPONSE AND EXIT 

[28] OTHERS »gSYMEOL 
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FLY EL 


a ls 


HELP FUHCTION 
RO ty 
PLAT EHERIHG MESSAGE 


OCR, FOR MORE INFORMATION, ENTER? INFO HHH! 


70 
Avec 
OOPS { 

ET, 


30 


TOR ARGUMENT, FRINT ERROR MSG AHD EAIT 


ELSE GO On 


‘Me INFO MUST BE FOLLOWED EY A SINGLE FORAMETER,',CR,'TO RESTA 


> => an =he> Gate =neD 


Bie ht THF O RN (WHERE HHH IS & THREE-DIGIT HUMBER ) ! 


R THFO HOT FOUND, FRINT ERROR MSG AND EXT 


OOFS3IG-'SORRT, IMFORMATION ABOUT THIS STMSOQL 


mis 


7 


TIME,',CR,'FOR HELE WITH ANOTHER STMEOL, 


46 


PS sth y 


Sher 


- 
$ 


AYAILABLE AT T 





Ci] 
oe 
£31 
C4] 
eal 
C4] 
gl 
C8] 
Ey | 
ie J 
al] 
wi | 
oi | 
C14] 
isd 
Cié] 
ely J 
C18] 
a7 J 
B20 J 
eet J 
Bee J 
oe5 4 
C24] 
ood 
26 J 
27 I 


9 RUN ROWS HARES RANKS FNAHE3U 


A CALLED &Y HELE, INFO, iat: 
q REQUIRES GLOBAL 


RASSIGNH THE NEME OF THE 


HMAME& »MATC ROW SHGMECOL J 


VARIGELE MAT 


aA ©O TO NA IF THE HELF VARIABLE 


SHAY) O=QHC NAHE 


Cabs) sQuebe 


HEL VARIABLE TO 


'HAME!' 20 


peo eriAy THE GEHERAL DESCRIFTION FORTION 


Oe(G L)eCCeMAME) Cs dJ='.' Aan AME 


g UISFLAY SCALAR FORTION 


OF HELE YARIAELE 


Oe(O LCC 2NAME ) Csi jate' )eghtAHe 


q IF NO MORE INFO, EXIT; 


SOX HL eC eMAME Cy idet van! 


a ASK IF MORE 
eck, (MORE?! 
q IF RESPONSE 


4OX1.0=F UCD 


Bent ie& Ii 


Ts WULL, E: 


FOX eI T'=( YETI 


q DISPLAY YECTOR FPCRTION 


Riek 26 


On 


FO DESTRED 


IT; SUSE GO OH 


OF HELE 


He(O Lb CNAME) Cyt ga'v' )AgHAME 


q UVISFLAY MATRIX FORTIO? 


OF URE e 


De(O Le CC eRAME) ES TI='n' ) #2 hAME 


q DISFLAT ALL 


ARRATS FORTION 


Hed Liv ( (aNAME) Cet ys a!) xe HAME 


+0 


qa ASSIGN FULL 


VGARIARLE 


VaRIGSLE 


HAME OF STMEBOL TO YAFRIABLE 


NA? FHAMEL SQUEEZE ,MATL ROWS FHAMECOL J 


Heck, 'SORRT, 
EME. ' 


v 


INFORMATION 


ABOUT 


47 


| FNGME, ! 


E 


TRE 


ES 


VORIABLE 'HARME! 


HOT EXIST} ELSE 60 ON 


SF Sine hebrew ae Peele 


OF HELF VARTAERLE | 


'FHAME’) FRIHT Exp Ok MSG 


LS 


HOT AVAILABLE AT THIS 





9 TEACHISSTMEOLSROWSJHNNNGR 
im.) eerie SCR EDULE, MENU, SQUEEZE 
2% Qe 'ENTER THE SYMBOL(S) TOU WOULD LIKE INFORMATION OE&OUT,! 
ES] D+! OR FOR MEHU SELECTIQH, ENTER? KENU! 
[4] 9 DELETE FLANKS Itt RESFONSE 
c=) STMBOL¢E SQUEEZE STMHEOL+F 
C$] Repo eRe oF OSs IS 8'HEHUT, GO TO 'OTHER';S ELSE GO ON 
E7 | Tener ey) ( a=+/t/SIMEOLs = ' MENU! 5 
C8] 9 FIND INDEXES OF FOWS THAT COMTAIN THE RESFONSE Itt STMEOL COLUM? 
[9] ROWSE (MATES ETMCOL Je SYMBOL) /) (CF MATIE LI 
fmeomea fe HO ROWS CCOHTAIN RESPORSE, GO TO 'OOFS3';, ELSE GO ON 
Fiji} s00FS3x ,O=PROUS 
Mmmemena LHITIALICE LOOP COUNTER At SET LESSON Hk TO O 
Cis] NreherReD 
Ci4j a INCREMENT COUNTER 
CiS] HWEWROWSR+eR+] 


won, tt 


[meyeep LeLL SHOW FO HIiSFlLAtr TEACH FUHCTIOW FOR ROW THDESED Br COUNTER 


vie 


CF 


[i8] SHOW FOWS[s ] 

C19] a IF ROWS REMAIN, FRETURH TO MEWROW, ELSE GO On 

[20] sHEWROWY YRC PROWS 

C21ijJ a DISPLAY END OF SCHEDULE MSG AND EXIT 

[22] O¢CkK,'THIS I5 THE EHD OF SCHEDULED LESSOWS,',cR,'TO SELECT MORE LE 
SeoGHS, ENTER: TEACH! 

C23] 70 

[24] gag STMEOL NOT FOUND, FRIWT ERROR MSG AMD EXIT 

[O25] OOPSTtOe'SORRT, INFORMATION ABOUT THIS STMEBOL I5 HOT AVAILABLE AT T 
mooie ser, "FOR LESSONS OH ANOTHER SYMEOL, ENTER$ TEACH! 

C26] 30 

[27] 9 RESFONSE IS 'MENU'$ EXECUTE RESPONSE AND EXT 

Rea OTHER?! »STMEOL 


7 
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9 LESSON HHH ROW 

Ci] a CALLS SHOW 

[2] 9 IF WHH IS MOT A SCALAR, GO TO 'OOFS]}; ELSE GO On 

C3] POOF SAX Cp PHN) >0 

Fh] ga SELECT ROW FOR LESSOM NUMEER NN 

C5] ROWE ((e,MATLCSLESCOL] )=MNN)/) CPMATILLY 

C6] pap IF WO ROWS CONTAIN RESFOHSE, GO TO 'OQOFS3'; ELSE GO ON 

[7] SOOFSTX 1 QO=PROW 

rs] Ae eeLELe SHOW TO BISFLAr TEACH FUHCTION FOR FOWS SELECTED 

C9] SHOW ROW 

Ci0] qa DISPLAY ENDING MESSAGE ANT EXxI 

fii] Qe¢'TO START ANOTHER LESSON, ENTER! LESSOM hii! 

eee) 648 

C[i3jd a VECTOR ARGUMENT; FRIMT ERROR MSG 6HD EXIT 

Ci4] OOFS{$He'LESSON MUST BE FOLLOWED EY A SINGLE FARAMETER,',CE,'TO RES 
TART, ENTER? Se sate caren (WHERE HHH IS G THEEE-DISIT HUMBER j 


' 

Ci) 

Cid] a LESSON NOT FOUNDS FRINT ERSOR MSG GHD EXIT 

C17] OOFSTi Qe SORRY, INFORMATION ABOUT THIS STMEOL IS HOT AVAILABLE af T 
HIS TIME,',CR,'FOR HELF WITH AHOTHER STMBOL, ENTERS HELF, ! 


v 
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a 


er 
ee 
C3) 
C4] 
oJ 
Cé] 
by J 
esd 
ives 
C10] 
ert) 
ere J 
eS 
Ci4] 
eS 
bi 6] 
7d 
C18) 
ea 
C20] 
E21] 
wee J 
E23] 
C24] 
20] 
6 J 
tae?) 


C28] 


27 J 
0 J 
roi J 
C32] 


9 SHOW ROWSHAMESGSRAHK SFHANES TERT EWTSQVZSAVETYFESARGIESSFZE7H 
feo ogee! eT SCHEDULE, LESSOH, CALLS ASK, RURDRILL, TRr, SQUEEZE 
Re REQUIRES GLOFRAL VARIARLE MAT 
A SET VARIABLES CORRESFOHDING TO FOW 

HAMEt »,MATCROWZHARECOL J 

FHAME+SQUEEZE ,MAT(C ROWS FHOAMECOL J 

STMEMATCEOUZSTMCOL ] 

RANKEMATC ROW, SYVKACOL J 

TYTFE+MATCROW,MECOL 7 

AR GEMATC ROW SHKTCOL ] 
peeve ta TF HELP VARIABLE UOES HOT EXIST; ELSE GO OH 

SHAY, (O=QHC HAME) 

QR INITIALIZE TOTAL QUESTION, WRONG ANSWER COUNTERS 

FTeWTeO 


TELO 


QA DISFLAYT GENERAL FORTIOMN CF HELF VARIABLE 

Oe(O 1)¥C(C2HOME)CS1]='. 5) f2MAME 

gq GENERAL QUESTIONS 

QVeL,(SX¢TVPE='D' jy 

AVeCe]eTTFE=s'0'),SQUEEZE RANK 

QV ASK AV 

gq CHECK NUMBER OF RIGHT ANSWERS 

WT SUMOASK RT 

fever EAS THOELCATES 'STOF" RESPONSE, GO TO HALT, ELSE GO OH 


SHALTXT=2 


q DISPLAY SCALAR FORTION OF HELP VARIABLE 
O+(0 1)¥((2NAME) C5 4]='e') sgNAME 

A SCALAR QUESTIONS 

sour, TTFE='M'! 

RAVED 


AVEMHT'L14SYMe '4xXfLa¢vwAa! ] 





[$31 
[34] 
boo 1 
C36] 
C37] 
[39] 
Ge? 
C40] 
t4i] 
[42] 
C43] 
C44] 
C43] 
C46] 
L47] 
C48) 
C49] 
[50] 
ait J 
Loe] 


Bo. 


c54] 
Ho5 
[56] 
7 J 
C58] 
(591 
C40] 
[61] 
[$2] 
C43] 
[64] 
[65] 


QV ASK AV 
Ae ore eG TNreTGATES *STOF* RESFOHSE, GO TO HALT, ELSE GC OH 
saealTyy=2 
A SCALAR DRILL 
SUL IVK LAH STMs SSt'+- XSF Lifer e tC Ladrevawag Pa! 
ec oie +AP sy S)ATYFES'M'? jy (StHMe') ')ATIFPES='D! 
1] RUNDRILL jf 
een eao LHITCATES "STOe* RESFOHSE, GO TO HALT; ELSE GO ON 


SHALTXT=2 


peetertimt VECTOR FPORTION OF HELF YARIAELE 
ViQe(O 1)¥((2HAME) C3 1]='v')42HOME 
p ASK VECTOR QUESTIONS 
Seay yr reels! iM! 
QVEeT 
AVE'FT' C145 TMeS5y'eLeoMetbire'] 
QV ASK AY 
Peeeeeer eo THMITECATES *STOF* RESFOHSE, GO TO HALT, ELEE GO OH 
SHALTXY=2 
ee veclTOR DRILL 
VINSSRX (STM ESS y  PhES\ARAGOG! D¥((STME tk! )ATTPES My (STM ARI DA 
fine ' 
9VSXL(STME 11!) 
1 RUNDRILL 9 
Pete aoe ttmreateS 'STOF! RESPONSE, GO TO HALT, ELSE GO Or 
SHALTXY=2 
VSPSVVKLCSTMe OP PA! PATTFESX!'H! 
SAXLOCSTMe PAL OS! )yTTFE='M' 
PORUMDRILL 4 
pee PLAS THEICATES '"STOP' RESPONSE, GO TO HALT; ELSE GO OF 
SHALTxT=2 
VV SSKK,STMe ' 1! 
BP EUHDRILL ® 


A IF FLAG THDICATES 'STOF' RESFONSE, GO TO HALT; ELSE GO OW 


ane 





[66] +HALTiT=2 
(467] a-------------------------------------+-------------------------- 
fS$8] ag DISPLAY MATRIX FORTION OF HELP VARIABLE 

ogee (OG Livi eRAME )C pL j='nt Fs eHANME 

[70] a ASK MATRIX QUESTIONS 

Mme «6 SAX YL TYPES‘! 

C72] aved 

C735] AVETFT'CitS Me '+—-xsaas PL lati saryvrra'l] 

(74] av ASK AY 

feeeeeea te FLAG THEICATES 'STOF' RESFONSE, GO TO HALT; ELSE GO OF 

C76} zHALTXT=2 

(77] 9g MATRIX DRILL 

meen mts alTFE RUNDRILL J 

Men fF FLAG THDICATES 'STOF'! RESFONSE, GQ TO HALT; ELSE GO Or 

{80] nih YTS) 

a at 
Boerea GCISPLAT ALL ARRATS PORTION OF HELF YARTIABLE 

CBS] ALOE (O L)dCCghAME )C Si Ja"! x eHAME 

C94] q ASK ALL ARRATS QUESTIONS 

Meee SVEGr PAL XFet/ (CL 2)xX,hFGe KE! 

Meeve (C'HYr' (Ti +xF 3), SQUEEZE '$ LEB'EY4+F] 

C97] @v ASK AY 

momo te FLAG IHDICATES 'STOF' RESFONSE, GO TO HALT; ELSE GO OF 

C89] 3HALTxT=2 

[90] a---------------------------------------------------------------- 
[91] gg SUMMARTSCE STUDENT FERFORMAHCE 

C92] SUM¢$WT SUMASK RT 

C93] a IF FLAG INDICATES ‘'STOF!' RESFONSE, GO TO HALT} ELSE GO ON 

feag 3HALTxT=9 

(95] a----------------------------------- -- - -- = = - + = 
{94} a CALL TRY FOR SELECTED SYMEOLS 

(O7] EXPY SENDyype (SMe 4-2! )ATYPE='D! 

C98] TRY STM 


eon IF FLAG IHDICATES ‘STOF' RESFOHSE, GO TO HALT; ELSE GO Ol 


SA 





C100] w#HALTXT=2 

See Ne a ee ee ee 
[102] a LESSOM COMFLETE; IF NMM=Q (TEACH), EXITs ELSE 50 OW 

C103] ENDP$4ox MRN=O 

[104] a MNHSO (LESSOM); SET LASTLESSONM TO THIS LESSON HR 

F105] OUTIL ASTLESSONENMH 

[106] a DISFELAT MSG ANE EXIT 

meo7d FCR,'THIS I5 THE END OF TOUR LESSON, ! 

F108] O+'FOR THE MEXT LESSON IN SEQUENCE, ENTER? LESSOR HENTLESSOM: 
meoy)t +0 

[110] qa HELF VAR HOT AVAILABLE; DISFLAT ERROR MSG ONE EXIT 

C1ii] MAICR, 'SORRY, INFORMATION AFOUT ',FRAME,!' IS HOT AVGILARLE AT THIS 


> 


4 


ne? 


¢ 


Cii2] +9 


Cii3] HALTICR,'THIS LESSOH HAS BEEM HALTED,! 


? 


25 





Eid 
al 
bod 
C4] 
se 
C4] 
7 
bad 
C9] 
Cid] 
Lie 
C12] 
Ss cycugl 
C14] 
C13] 
C16] 
ey 
re | 
ek? J 
C20] 
Bel J 
peed 
C23] 
C24] 


fo) 


E26 1 


9 QUES ASK ANSIRSWSISASLSARSRKSQ 


eS GALCER EY SHOW, CALLS SCORE 


A REQUIRES HOH-LOCAL VARTABLES ART,WT,T, 


pee olor THE HUMEER OF GUESTIOCHNS TO 'R! 


Rep ,QUEs 


pees ec eis TEOTAL HUMFER CF GQUESTIDHS TO 'RT' 


RTLRT +R 
peelrpe te, OF QUESTIONS <¢ HR 


SOOFSx RSP PAHS 


OF 6 


NSWERS, GO TO 


Rg INITIALIZE COUNTER, CHARACTER VARS 


Ted 


q START LOOF, INCREMENT COUNTER, INITALICE 


BrArTtici+1 


We 0 


A ASSIGH QUESTION ANT ANSWER FORAMETERS FOR: 


AC(,ANSILT] 

@eCR, eCUES[ (,QUES)[IJ;] 
fae. «6 ' SCORE!) 6TO UEVGLUATE 
QUERTiA SCORE G 
q IF FLAG IHEICGSTES 'REFEA 
fete FLAG IHDICATES ‘sSTOF'! 

S(QUERT,O){T] 

Aer QUESTIONS REMAIN, FET 

SSTARTX ICR 

+0) 

a FOR DEBUGGING$ ARGUMENTS 

T 
WEF Ste 'PpQUES ~ FAHS' 


? 


oie 


i 


RES 


URN 


HOT 


RUEST Ii 


Loe S 


WR OG 


ASK FUHCTION 


GLUBAL EUES 


1s ELSE 


ANSWER 


RETURH TO SAME QUESTION, 


FOMSE, EXIT; 


TO 'START'S € 


SAME LENGTH; 


34 


ELSE. .G 


LSE E4 


PRIRMT 


Q On 


iy 


ERROR 


oO OH 


COUHT 


M56 ANT 


ve 
#% 


Z 





oe 
oe J 
es] 
C4] 
fol 
fol 
a7 
C3] 
4 
10 J 
Ciid 
i. 
m5] 
C143 
mod 
iol 
fy | 
E18] 
ers J 
me J 
e211) 
po 
ee 
C24] 
eos d 
C26] 
a 
teed 
ee? 
C30] 
Si] 
poe] 
poo 


VY A SCORE Q$INFUT 
AP OePLCLEn Er ASK 
A FEQUIRFES NOH-LOCAL VARIABLES T,W,WT 
Getosrlea: TEXT OF RUESTION 
Gee 
Gee oto FESFOHSE TOs THrFUT® AFTER DELETING ELAHKS 
PHPUYESQUBESE THRFUTeH 
Pelion estOnsh L> HULL, oti | WROHG GHS Atl GO TO "LAST", ELSE GO OH 
WTreWT+OHrP INPUT 
SLASTXYOPIWFUT 
(eee sr Ose TS 'STOF', cO TO 'OUT', ELSE GO OR 
SOUT XY  4a4/4¢/INFUTo,=' STOP! 
9 IF RESPONSE # RIGHT ANSWER, GO TO 'WROHG', ELSE GO Ofit 
MEXT¢ WRONG) (,IMFUTIC{I#4 
qa DISFLAYT SG 
ev RL oT 
fepeere PLAG TO HULL, EXIT . 
7OxT+10 
A ITNCREMEHT WRONG AHSWER COUNTERS 
WROMG) Webs 4 
WTEeWT +e] 
gee, 12 CAST IF THREE WROHG ANSWERS TO THIS QUESTION, ELSE GO ODO 
SLASTY HG 
g UISFLAT MSG 
Je 'SGRRYT, FLEASE TRr AGATHH! 
a SET FLAG TO INDICATE REFEAT QUESTION, EXIT 
209 Te] 
A 30 
A THREE WROWHG ANSWERS, DPISFLAT ASG 
LAST!*Q¢ 'SORRY, THE CORRECT ANSWER I5 ',A 
qa SET FLAG TO THDRICATE GO TO HEXT QUESTION, EXIT 
407 7e19 
Ame ET FOGG TO TWOLCATE 'STOF* RESFUHSE 
DUT STeD 
Vv 
5S 





9 WT SUMASK F 

Ci] a CALLED Er SHOW AFTER ALL ‘ASK! CALLS 

[2] 9 IF FEWER WRONG RESFOWSES THAN QUESTIONS, EXIT; ELSE GO ON 
iol ao. o Le 

C4] a WRONG RESFOHSES >) QUESTIONS; DISFLAT MESSAGE AND EXIT 


CS] fe*rOU EHTERED ',f(eWT),' WRONG AHSWERS OUT GF ',(eh),' QUESTIONS, ! 


fet Me'IF YOU WAHT TO RETAKE THIS LESSON, ENTERS LESSOM ',¢,MATCROW; 
LESCOL] 

C7] vee 
9 


56 





e] 
Cea 
Tod 
C4] 
tod 
Cé] 
[7] 
C8] 
ay J 
10] 
vl J 
io | 
e13] 
C14] 
ed 
Cié] 
m7 A 
Cis] 
i? J 
be0 4 
C214 
[22 
es] 
C24] 
eal 
C26] 
7d 
e284 
ie? | 
C30] 
ES1] 
C32] 


PRES UnnSLisrUNC +R EK1 eK SRS AS WS CSM 


QA CALLED &r SHOW, 


CHEM@S MRT Lis FULL 


A REQUIRES HOH-LOCAL VARIGRBLES SYM, TTFE 


QA INITIALIZE ANSWER COUHTERS 


CeWeO 


START? 


q EXTEND SYM FOR REDUCTION, 


SCAanH 


pee Me /N AR) /C t-P Le") C P1257 


QA FORMAT FUNCTION 
Petiviy2) LEY 
FUHCe(R,Z>p i ',s 

A SET MULTIPLIER 


ners 


1 


Tay 


Lar 


QA FULL RANDOM HUMBER ARGUMEHTS 


K{e] FULL L 
K2e3 FULL 
q IF Ki IS EMFTT 
7OX1O=F a Ki 
aoe Pr TYTFE IS MOA 
SMOHTT YY TITFE='M! 
q FORMAT DTrAnICc Ra 
ReCeK i) ,FUHC, ¢ KD 
AtelesKi)rStTMy ey, 
QRUH 
RA FORMAT MOHADIC 
MONT T 
QEFUHC, eK? 
ReeSTMy¢yK? 
QA FUR DRILL 
RUNNY Q DRILL A 
PeOelETE EXTRA ST 
SYTM¢e” [4ASTM 


q IF STOF FLAG IS 


VECTOR, 


aegis 


fon 


KO 


a/a 


MBROL 


SET, 


EXIT} ELSE GO On 


GO TO MOHTT, ELSE GO CH 


(IF SHY) 


aod 


we 


=e 


ELSE GO On 


57 





33 J 
C34] 
Bow 
£36] 
£37] 
O53 ] 
aay J 
C40] 


C41] 


30x1=2 


q IF WRONG ANSWERS >} 


SREVY {WZ 


, GO TO 'REVis ELSE 


Lt 


q IF RIGHT ANSWERS ¢ {, RETURN TO ‘START! 


SS TART ZX, Cc] 


ieee y reese REVIEW THE DESCRIFTION OF THIS 


MistevegaPp BEPOURE FPERTUAHTHG 


58 


a 


5 


GO OU}! 


ELSE. Ex lr 


oe tees 


Pe ik es 


UMIT, | 


TALK WITH 





GO 2EP FULL NER SC;LSH;E;FOOL 

mie q CALLED EY RUHRRILL 

C2] G§ FEGUIRES HON-LOCAL VARTARLES STM, m 

C3] 9 SET DEFAULT VALUE 

C4] <t+\0 

FS] aFP IS { FOR LEFT ARG, 9 FOR RIGHT ARG 

(4) a SET MULTIPLIER BASED ON M FROM 4 TO J(EXCEPT MOMADIC [L) 

oy) cere Oe m— 7 sO LP ETE ( Suri lL de PLP AC TIRES M' pAwt [peta pe! /\ FX M 

[§] qa tt IS RANK OF DESTRED RANDOM ARRAT, ASSIGH FOWS GH COLUMHS TO FS 
Ho ¢C 

7 Re(1,1,2)Ci] 

PTO] Ce(is (ith) s2)CH) 

Peeing CETERMIHNE LIMITS EASED OH TYFE OF STMEOL 

ie FORDE OOLeE) GO 

L153) FOOLGCFOOL,(SYM(CGU Jc '+—-xF Le Lad ee Fh!) /MULTKH, OQ, -HE19 

City FOOL¢CFOOL,((STMEL Je tbr (O55! DAF aD) /MULTXH,Q;—-H 

CiS] FOOLeFOOL,((STMC 1 Je ' P$0NG' AP HL) /E,;-Ee ir 

Ci6} FOOL¢CFOOL,((STMC ide fever '))/223594 

Ci7] PFOOLeFOOL, (SIME Le '=') /MULTXD,-U+9, 4,558 

Cig] FOOLtFOOL,(STM(ije'vAwaw')/ QO i 

C19] FOOLCFOOL,((STMCi]='a@! )ATYFES'M')/1 yn 13 

C20] sexy (TTFE='M! )vSrMC1)7'@! 

C21] a KLUGE FOR LOGARITHM--K2 ALWATS A FOWER OF Ki (FOOL IS EMFTT) 

eo POOL¢CFOOL,((STMELJ='@' )ACTTFE=S'D!' )AP=aL)/253510 

C23] sFex Fai 

C24) feCRyC)pC(STME LJ ='e@! PATTFES'D' )/CekKi parce y KLE S 

F925] 9 IF NO NUMBERS IN FOOL, EXIT; ELSE 60 On 

C26] F2390x .O=PprPOaL 

£27] FOOLt{OOPFOOL 

[28] gf FSROVIDE ARRAT OF RARDOM HAS 

C29] fe(RyC)PPOOLL (RxXC) 7100) 


v 


0 





EEE 


ee 


is 
C2] 
cS. 
C4] 
tod 
C4] 
C7 
C3] 
C9] 
C10] 
Cli] 
Ere J 
C13] 
C14] 


Cis] 
C16] 
Ci7] 
C18] 
Ci9] 
[20] 
C21] 
f22] 
is 
[24] 
[25] 
[26] 
ae 
een 
[29] 


£30] 


VoGQ PeILL G,Ek,S5; 


wy 


‘Gee 
fee eewe le kt RUHIRILL, CALLS SQUEEZE 
gq REQUIRES MOH-LCCAL VARTAFRLES C,w, GLOBAL Ck 
START? 
fe= tO 
q UISFLAT DRILL QUESTION 
OSK'*eCky, ‘WHAT IS THE RESULT OF?! 
ea 
Reem Oise LS "STOR", GO FO 'HOLT'; ELSE GO OH 
fHALTY{ 4=4¢/4¢/'STOF' so ,=SERESQUEEZE Ref 
q iF ANSWER IS HULL, GO TO WR; ELSE GO ON 
SWRX VY O=xFSE 
amemeckK FOR NUMERIC FESFONSE 
CK PHAR COe She (1254567990. 'dvrQeske',! 
Pele eeetGth CF RESFOHSE + LEHGTH OF GIVEH ANSWER, GO TO 
GO OH 
FWEXVUCPRyA)AR yo ® 
Meee sherOnSEe = GIVE AHSWER, GO TO "RT', ELSE GO OH 
PRTXU((CsA)A, =r eB) 
A ANSWER IS WRONG, TNISFLAT SAHSWER 
Wht fe (SORRY, CORRECT AHSWER TS 4 ' 
fea 
Q THCREMENT WRONG GMSWER COUNTER GHit RETURN TQ RUNDRILL 
WeWw+]{ 
+0 
Qq ANSWER IS FIGHT; DISFLAT MESSAGE 
meme CORRECT! ' 
g IHCREMENHT RIGHT ANSWER COUNTER GHD RETUR 
CeC+{ 
+0 
HASHe'SORRT, THIS ANSWER HOT ACCEFTARBLE, FLEASE ENTER & 
WER, ! 


345K 


60 


‘Wht ELSE 


MUMERTC ANS 





OF AT STUDENT REQUEST; SET FLAG AND EXIT 


61 








cu 
me J 
foo 
C4] 
ae 
el 
ay 4 
8] 
7 
a0 J 
at J 


a2] 
[13] 
C14] 
53 
[16] 
[17] 
[18] 
[19] 
[20] 
[21] 
E22) 
[23] 
[24] 
P25) 
(026) 
[27] 
[28] 
[29] 
[30] 


9 TRY SYMyWZReTS oe TW 

ee eeeLet ky SHOW, CALLS RU 

A RMEGQUIRES HOH-LOCAL VARIABLES ROW, STM, FRAME 
TWEQ 

RESTART! TWEeTW+4 

aoe, to OUCH Ir RESTART COUHTER EQUSLS 7 
SOUCHZ) TH=3 

A IHITIALISCE FLAGS AND WRONG ANSWER COUNTER 
TeCewWey 

Seeeeeewe ese) SIULEHT IHFUT & LOGICAL EXPRESSION USIWG THE SCTMEOL 
START! 


MeCR, WRITE A TRUE STATEMENT USING ',S1TM,',',CR,'FOR EXAMPLE? 4294 


t eet 


a 
Paces eto LS "STOR, GO TO 'HELT', ELSE GO GH 

SHALTX 1 4=4/4/'STOF's =e 

qa IF RESFOHSE 15 A HULL OF A HAME, GO TO 'WROHG', ELSE GO OH . 
SWROHGY) (440NC B)vO=Pk 

peeoe ui) t=] EF STATEMEHT IS TRUE 
HEMT! Te{rek 

Pee Go? IF STATEMENT CONTAINS THE STMEOL 

CeStMe & 

9 GO TO RIGHT IF T AND C BOTH EQUAL {; ELSE GO OH 

SRIGHTX {TAC 

A ANSWER TS WROHG, INCREMEHMT COUNTER 
WROMG?WeW4s4 

q GO TO REV ITF WROMG AHSWER COUNTER EQUALS 3 

peevx (Was 

aoe TO HOSTM IF THE STATEMENT IS TRUE, ELSE GO Qi 

SHOSTMY AT 

A PRINT ERROR MSG 

foe SORRTs THIS STATEMENT IS HOT TRUE,! 

meee HOSTM IF THE STATEMENT DOES HOT CONTAIN THE STMEROL;, ELSE GO 


Or 
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FSi] 2HOSTN xy 

C39] ga PRINT 5G AHD RETURM TO START 

[32] Qe'TRY AGAIN,! 

[34]  3START 

rss RA FRIWT ERROR ASG ANHD RETURM TO START 

C34] HOSTM{ Qe TOUR AHSWER DOES HOT USE ',S7TM,', TRY SGAIN, ' 

F337] #START 

38) g FRINT MSG AHD EXIT 

egy FIGHT {Qe 'CORRECT! ! 

C40} 39 

C4i] q FRINT MSG AND RESTART 

C42] REV?{Qeck, 'nO YOU WISH TO REVIEW THE DESCRIFTION OF ',FHAME,'?',CK,! 
eager + OF H,' 

[C43] a IF RESPONSE IS HULL OF HOT ¥, GO TO RESTART, ELSE GO ON 

[A4} 4RESTARTX){QO=pPpRtG 

[45] 3RESTARTX )! '#h 

C446] gq UISFLAY HELF VARIAELE, THEM RESTART 

47] RUM ROW 

[48]  2FESTART 

[49] a THREE RESTARTS} DISPLAY MESSAGE AND EMIT 

[50] OUCH? Ge'FLEASE SEE TOUR INSTRUCTOR FOR ASSISTANCE, ! 

fie 830 

[52] 9 STOP AT STUDENT REQUEST; SET FLAG AMD EXIT 

53] HALTI50,7¢2 


v 
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9 TEST HHHSHAME;GPSRAMK SFHAMES TSRTSWTSQVSAVETTFEZARGZSS 

fee a USED TO TEST DRILL 3; CALLS RUNDRILL, TRY, SQUEEZE 

[2] a SET VARIARLES CORRESFOHDIUG TO ROW 

a5 | ROWE ((e,MATL LESCOL] )aHNH) /YCPMAT)C{] 

C4) NAMEt »MATC ROW SHAMECGOL J 

cS] FHOME¢ SQUEEZE yMATLROWSFHGMECOL YJ 

C6] STMEMATPROW;SSTMCOL 

ty] RAMKEMATEROWS SYRAACOL ] 

fal TYFEEMATLROY,MOCOL ] 

C9] ARGEMATOC ROW ZHKCOL ] 

C10] Te10 

mee qa SCALAR DRILL 

P12) SOL SVR pws TMs SSG t-KXSf Li frpacC had fvawayspa' 

Ci3] pee atime REF y PATTFES'M' Jy (StTMs "yh yATITFEs'D' 

Mey {| RUHWDRILL jf 

meen FLAG THNICATES 'STOF' RESFOUSE, GO TO HALT; ELSE GO OH 

Cié}] 3HALTxT=2 

C17] Viev0xy (O=GNC MAME) 

Mat a VECTOR DRFITLL 

CAP] VEL SRX (HST EES Phe /\ANSEOR! Dv C(STHE pte JATTFES'M! )y(STMET/\ZR YA 
frre ' lt 

mee ¥SxX1 057M '\') 

fey ] RUNDRILL 92 

A frtwemoceaw LHELTCATES 'STOF' KESFOHSE, GO TG HALT, ELSE GO ON 

[23] 3HALTxT=2 

C24] VStavyx (STM OPP! JATYFES! 

[25] 3hx.(S1Me'phy0@! )VTVFES'M! 

[94) 2 RUHDRILL | 

(277 Ag IF FLAG IHOICATES ‘STOF' RESPONSE, GO TQ HALT, ELSE GO OW 

[28] 3HALTxT=9 

Bede ,3hX STMeE' 

[30] 2 RUNHORILL 9 


he ~<= 


Meigen iF FLAG INDICATES 'STOF' RESPONSE, GO TO HALT; ELSE GO OH 
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oe 4 
Loe 
C34] 
od J 
C36] 
be 7 J 
C33] 
bay 3 
C40] 


SHALTXY=2 
MtoMDy, (O=QNC MAME) 
MEG sAxypa(STMe 'PIYATYPES!K! 
PeRUNGRILL 3 
A IF FLAG IRDLICATES 'STOF! 
SHALTXT=2 
BONE’ TEST OK! 
+0 
HALT:CR,' THIS TEST HAS REE 


? 


RESFONSE, 


HALTED, ' 
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TO HALT} 


ELSE GO 


Ott 





ie 
EZ) 
J 
C4] 


Cid 
ea 
ES 
C4] 
fod 
C46] 
cy) 


fi 
B24 
Eo 


v 


ZENEMTLESSONSIGYV 


AP IWHD THOEX OF L&aST LESSON IM 


VECTOR OF LES=SOH HUMBERS 


Te (Veg yMATS FLESCOL]) {LASTLESSAH 


QARETURH HEAT LESSOH HUMBER Tit 


2zeVE1Isi ] 


v 


7 ORDERMAT, OM, ICOM 


R SORTS THE VARIABLE 'MAT' IW 


pecmenre VECTOR OF LESSON HAS 


OMte MATL 314) 


q FIND 


Powe wes Oe LE SsSoms Ivy 


ICOMESO™M 


SEQUEHCE 


ACSENMHDIHG ORDER OF LESSO? 


SRDER 


RA REORDER MAT ACCORDING TO THOEXES 


MATEMATPICOM, | 


? 


9? 


ee@SRQUEESE STRING 


a CALLED KY HELF, RUN, TEACH, 


A VELETES BLANKS IH 


= 


Ze 


v 


( t 


t4,STRIHG)/,STRING 


SHOW, 


CHARACTER STRING 
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SCORE, DRILL 


ARGUMENT 


HUMBER 





C. VARIABLES 


1. Global variables 


Pee foltowing section contains ail of the glosai 
Variables in the TUTOR workspace except the text variables 
(pact C) and the user's guide variables called by ths STAR? 
maeietiOn (appendix A}. MAT is tha most impertant variebli:= 
meer UTOR, as it is called on to cross-index symbols, Mlessonx 
mimoers, cunction names, and selected Eunction chartactsris- 
me S « Mee: Vabiaoles wich wamles 2adinrg Zan COL =2=2dex the 
Seeumns ©£f MAT for use in the functions, SO that thess 
columns can be rearranged if necessary. CUES provides ques- 
myons f£0r use in the ASK function, and all ci the -two- 


letter, underlined variables (except CR) contain sets of 
Meet ple—choice answers for us2 with CUES. h : 
meme Global variable is LASTLESSON which is 
SmesSsHOW function to indicate the last le 
Meeeotcner variables used in TUTOR function 


Ss 
epbaes at some level of the calling hierarchy. 
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101 
102 
103 
104 
105 
106 
107 
108 
10? 
121 
tee 2 
123 
124 
iS 
124 
i2 
128 
7 
1 
1352 
141 
142 
143 
144 
145 
146 
147 
143 
149 
ed 
laa 
161 
162 


MAT 


wR “NO EH 


ot 


oe ro 


MN 


T2 


COorS 
FLUS 
CHAN 
MIHU 
SIGH 
TIME 
REGI 
DIVI 
FARE 
QUOT 
Sree 
SHAF 
me SH 
kRAC 
RAYE 
CATE 
INDE 
RETO 


RELY 


HEGATIVE NUMBER 
NONJUGATE 
FLUS 

CHAHGE SIGH 
MIHUS 
SIGhusM 
TIMES 
RECIPROCAL 
DIViie 
FORENS 
QUOTE 
SFECIF ICA 1OH 
SHAFE 
RESHAFE 
EROACKETS 
RAVYEL 
CATEHATE 
THDEX GERERGATOR 
REDUCTION 
FEDUCTION 
EXPONENTIAL 
FOWER 
MATURGL LOG 
LOGARITHM 
Pie hance S 
CEOMETRIC 
FACTORIAL 
BIHOMIAL 
MAGHITUDE 
SCAN 

SCAH 
EETETHG 


FLOOR: 
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1643 
164 
145 
144 
167 
168 
149 
180 
181 
182 
183 
184 
{835 
ae 
ia 
73 
194 
ie 
196 
201 


202 


FO 
~~ 
& 


ee) 
p+ 
> 


fF 
p+ 
cH 


hI PO OPO 
tH 
—- so oh 


ro 
od 
bh 


Dy s+ 


+r wr RON SU PelURDTlUlUMULUMUCUMMLUUCUCD & 


3 | 


Cr 


te 


Ti 


[t 


It 


I 


tat 


EK 


ra 


be 


iH 


ish 


BR 


ht 


tT 


v- 
s 


ve 
e™ 
se 
. 
ry 


MAKI 


MINT 


REST 


GRUF 


GRAD 


ROLL 


DEAL 


EQUA 


note 


Lees 


LEE 


GTEQ 


GREA 


HOT 


AnD 


MAMD 


OF 


nO 


MAXIMUM 
MINIMUM 

RES TPE 

GRADE Us 

GRADE DOW 
ROLL 

DEAL 

EQUAL 

HOT EQUAL 

LESS THA 
LESS OR EQUAL 
GREATER_OR_EQUAL 
GREATER _ THAN 
HOT 

ANT 

HAT: 

OR 

HOF: 

MEMEER OF 
REVERSE 

Seven se 

ROTATE 

ROTATE 
TRANSFOSE-MOHADIC 
TRANHSFOSE-DTADIC 
TAKE 

DROP 

COMPRESS 
COMFRESS 
EXMPARD 

EXFAND 
LAMINATE 
MATRIM_ INVERSE 


MATRIX OGIVIDE 
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24) 
242 
501 
304 
aus 
306 
307 
308 


+ 


fi 


ti 


te 


tt 


OUTE 


IMME 


THOO 


OUTER _FRODUCT 
IHMNER FRODUCT 
IHDEX OF 
ENCORE 

Peeogre 

roe ewe 
FORMAT-DYALIC 


FORMAT-MOHADIC 
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16 


ro 
tr 


Log 


34 
STMCQL 
MOCOL 
MCC OL 
18 
SVAXACOL 
24 
HAMECOL 
Be 30 31 
FRANMECOL 
36 37 38 39 40 41 42 43 44 45 46 


+ 


47 43 49 


we 


ooo 





EUES 


‘HOW MAHY ARGUMENTS DOES THE ',FHANE,' FUNCTION TAKET! 
HOES S{'ySTM,'S2 EQUAL S2',STM, S47! 


(TF OHNE ARGUMENT I5 A VECTOR, THE OTHER ARGUMENT MAT SE SCALAR OR YECTOR 
mest)! 
(TF ONE ARGUMENT IS A MATRIX, THE OTHER ARGUMENT MUST FE & SCALAR',CS,! 


OF A MATRIX OF THE SAME SHAFE, (T/F)' 


‘WHAT RANK CAN THE LEFT ARGUMENT OF ',FHAME,' RE?', 


ex 


K 


"WHAT RAHK CAM THE RIGHT ARGUMENT OF ',FHAME,' RE?! ARK 


‘TO THE ARGUMENTS ALWATS HAVE TO HAVE THE SAME RANK! 


"CAH ' ,FHAME,' TAKE CHARACTER ARGUMENTS?! 
’ ’ t 


'TF SO, WHICH ARGUMENT(S Cah BE CHARACTER?! ,AR 
9 | i = 


(HOES ',FNAME,' TAKE KOOLEAN (1 OF 0) ARGUMENTS?! 


(‘IF SO, WHICH ARGUMENT(S) MUST BE BOOLEAN?',AR 


ENTER & FOR RIGHT, 
L FOR LEFT, OF 
B FOR OTH 


»RE 


ENTER S FOR SCALAR 


V FOR VECTOR 


we 
“~ 


FOR MATRIX 


A FOR ANT RANK 





2. Text variables 
Pie folowing Gisbel variables contain the basic 
Mee. CL the TUTOR course. They are printed in th sans 
order as the lessons. Tne header abovs each variable is rot 
part of the text; ai1t lists the l3sson number, es SOst 
G2ocie of the variables, andthe full name of the function. 
Mmemfatrst cclumn control characters are omitted hers. 


cs 





101 HEGATIVE HUMBER MEGA 


#e+e tere ev eevee eee eee ee eee eee eee eo 6 ORO Oen 0000 600 Or 008) 00.0) 0070 06 0060 8 0 t0 e686) 8 8} ee 8 OF 


THE SYMBOL ~ (UPSHIFT 9) IS USED ONLY TO ENTER NEGATIVE HUMEERS, 
IT CAM BE USED ONLY IM FROHT OF SCALARS (SINGLE HUNEERS), 
HOT VARIAELE HAMES, ARITHMETIC EXFRESSIONS, OR ARRAYS, 


TO CHANGE ARITHMETIC SIGH USE THE STMEBOL - (UFSHIFT +3, 
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190? CONJUGATE CONG 


DCTs ts Gees oes 04 4h 6 Fe UCC eT HORE HET EKER HHO HOR HORE HER HOOD 


THE STMEOL + 15 USED FOR THE HMONARIC COHMISUGATE FUNCTION, 
THIS 15 AN IDENTITY FUHCTION WHICH RETURNS ITS ARGURENT, AFTER 


EVALUATION IF NECESSARY, TT FGKES HUMERIC ARGUMENTS OF GHY FAK, 


iF) 
ue 
Fe 
> 


Seme ees; +2 =) ? +7 3+2 


“J 
cA 





103 


Ue sc tt tet ee eee ee eee eee eens F 


THE STMEOL + I85 USEL 


THIS FERFORMS SIMFLE 


I 


FOR EXAMFLE’ 242 = 


PEUS EUS 


$0 0rn6 0 o 0 e) 6 6 6 6) 0 (656 0) t 8 8 668 6 4 Oe 4 Oe 8 8 Ute 8H ee 


FOR THE DrALriIc FLUS FUNCTION, 


ADKOITION OF HRUMNMERIC ARGUMEHTS OF AHYT RANK, 


4 SFACIHG I15 HOT IMFCORTAHT, 


TO ADD A SCALAR TO EACH ELEMENT OF A VECTOR, ENTER EITHER Se¥ GR Vis, 
V1{+V¥2 WILL ALE TWO VECTORS ELEMENT BY ELEMENT, FOR EXGMFLE! 
fee 45) => 3 6 7 (Sea a) te =) 5 4.7 
Meee 5)t(5 6 7) ore 
IF THE TWO VECTORS BEING ADDED ARE WOT THE SOME LENGTH, 
YOU WILL GET A 'LEHGTH ERROR' , 
MATRIX ADDITION 15 DOHE AS FOLLOWS: 
S¢+M OR N45 WILL ADD THE SCALAR 3 TO EACH ELEMENT OF THE MATRIN KK, 
FOR EXAMFLE! IF M =) { 2 THEM 34M => 4 5 GND Mt =) 4 SF 
3 4 & 7 6 7 
M{+M2 WILL ALT THE MATRIX M1 TO THE MATRIX M2, ELEMENT EY ELEMENT, 
FOR EXAMFLE! IF Mj =} { 2 AMD MD =>) 3 4 THEN M{4M2 =) 4 
34 ar) oh 


M1] AND M2 MUST FE THE SAME SHAFE OF A 


TRYTHG TO ALL 


meeaee FRINCIPLES Can 


A VECTOR TO A MATRIX 


PeeHGnh wen On! WiLL RESULT , 


WIE RESULT IM A *RAHK ERROR’, 


PESG.ATEKNED TO HIGHER LEVEL ARRATS, 
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104 CHANGE _SIGH CHAM 


eee ere eer ereereeenee ee ee ear eee ee ee ee i ~ FRE Hee eeereeoeeeeeeveeoeee Peeve eovureov aes 
THE STMEOL -— (UFSHIFT +) IS USED FOR THE MONALIC CHANGE SIGH FUNCTION, 
THIS CHSHGES THE ARITHMETIC SIGH OF ITS HUMERIC ARGUMENT OF BHT RANK, 
BePEXAMPLE? -(1 “2 3) =) “4 2 7%, 


MOTE THE DIFFERENCE BETWEEN — ANE 7 (UFSHIFT 9), WHICH INDICATES 


HEGATIVE HUMEERS, 





105 MINUS MIU 


Mememere se 6 CGF FRG RCC CHE CC CHC EHEHFE OC CEH He ~X HHKFH CCH COEF OCHRE HHO OHH OEE RHEE HEH HD 


fee rae OL — (UFSHIFT +) I5 USED FOR THE DTARIC MINUS FUNCTION, 


IT FERFORMS SIMFLE SUETRACTION OM RUMERTIC ARGUMEHTS OF ART FRANK, 


FOR EXAMFLE? S=a9 om) z “10-"2 = “3 


TO SUBTRACT A SCSLAR FROM EACH ELEMEHT OF & VECTOR, ENTER V-3, 


TO SUBTRACT EACH ELEMENT OF A VECTOR FROM THE SAME SCALAR, EHTER 2-¥, 
Beeevo WILL SUETRACT EACH ELEMEHT OF V2 FROM THE CORRESFONDING 

ELEMENT OF V4, 
Vi AHI V2 MUST ERE THE SAME LEHGTH OF TOU WILL GET A 'LEHGTH ERROR! , 
POR EXAHPLE: (3 4 5)-2 =) 1223 Pee 5) =2 = 2 3 


Gm eo en tS) =? 5 GS 


ENTER M-S TO SUBTRACT THE SCALAR S FROM EACH ELEMEHT OF THE MATRIX 4, 
ENTER S-M TO DO THE OFFOSITE, 
FOR EXAMPLES IF M =} { 2 THEM 4-M =) 32 AND M-9 =) “4 9 

3 4 1-6 eee 


M{-M2 SUETRKACTS MATRIX M9 FROM MATRIX Mi, ELEMENT BY ELEMENT, 


—_ 


FOR EXAMPLE! IF M{ =) { 2 AND MD =) 2 4 THEN MO-M{ => 


ro 


2 
im 


34 uy 6 2 2 
IF M{] AND M2 ARE MOT THE SAME SHAPE, A 'LENGTH ERROR! WILL RESULT, 
TRYING TO SUBTRACT A VECTOR FROM A MATRIX OF VICE-VERSA WILL 


FRODUCE A 'RANK ERROR! , 


Meee RINCIFPLES CAM BE EXTENDER TO HIGHER LEVEL ARRATS, 
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106 SIGHUM SIGH 


q¢@¢¢47 77 FOF HF HH FHF HHH HHH HE HH HH x #e¢6¢04¢4%4 4% @% @ 4 6% 467 HF 6H HH FH FO eee HD 


THE STMEOL x 15 USED FOR THE MOHADTIC SIGHUM FUNCTION, 

IT RETURNS THE ARITHMETIC SIGH OF THE ARGUMEMT$ { FOR FOSITIVE HUMSERS, 
~“j FOR HEGATIVE MUMEERS, AHD O FOR CERO VALUES, 

IT TAKES NUMERIC ARGUMENTS OF AHY RANK, 


BORE XAMPLE! x(3 “2) => 1 “4 X(5+2-5) => Q 


Va 





107 TIMES ie 


*#e@* * eee Peet eee ete ee eee eo ee te tt tt x 0 +. 4004 4 ¢ 4 ¢ 6 te 0 84 40 8 Oe ee 8 Ot Oe 4 ee ee Ue Ue UF 


memestmeOl xy IS USED FOR THE DYADIC TIMES FUNCTION, 


THIS FERFORMS SIMPLE MULTIPLICATION OH MUMERTIC ARGUMENTS OF ANT FAHK, 


FOR EXAMFLE! 2x4 => @Q ORDER AND SFACING ARE HOT IMFORTAHT, 


momemeLliiry EACH ELEMENT OF A VECTOR EY &© SCALAR, ENTER SxyV OR Vz5, 


See hESULTS IH THE FRODUCT OF CORRESFONDINHG ELEMENTS OF Vj ANT VO, 


4 


ieee Oy xe ao) 2a 2 a 1G 


Dreevy, SUD VO ARE WOT THE SAME LEHGTH, TOU WILL GET A 'LENHGTH ERRGCE' , 


EITHER Mx3 OF SxXM WILL MULTIPLY A MATRIN Er A SCALAR, 


THE RESULT WILL BE A MATRIX THE SAME SHAFE AS 


* 


FOR EXAMPLE? IF 4 => { 2 THEN 2¥éM 


3 4 Cee 7 


MixXM2 WILL RETURN THE PRODUCT OF CORRESFOHNDIHG ELEMENTS IN Mi AND MD, 


i 
<- 


Soa eta M ys 6S) 


C: 
tr. 


r+ 
r.3 


M7 AWD m2 MUST FE THE SAME SHAPE OR TOU WILL GET A 'LEIIGTH ERROR! , 


FOR EXAMFLEt IF {4 =>) 1 2 AND MO = 


- 


ov 


3 4 THEN M{xM2 => 3 Q 
3 4 b lo 24 


IT 15 IMPORTANT TO HOTE THAT MULTIFLYTING MATRIXES WILL NOT RESULT TH 


an 


'MRTRIA MULTIPLICATION! (INNER FRODUCT OF DOT FRODUCT), 
POR INFORMATION OH IHHWER PRODUCT, REQUEST HELP ON ',.' (DOT OR FERION), 


* 


MULTIPLYTIWG A VECTOR WITH & MATRIX WILL RESULT IN A 'RAWK ERROR! , 


P@eoe FRIHCIFLES CAH BE EXTENDED TO HIGHER LEVEL ARRATS, 





103 RECIFROCAL RECT 


\ 


#¢e#0e447474¢4¢44474¢444¢44 + + + 6 FH 6 HH H e+ @ #4 4 eo 6 +e 6H 6 FHF HHH HHH HH 


meeothMEOL = (URPSHIFT +) £8 USED FOR THE MOHADIC RECIFROCAL FUNCTION, 
THIS FRETURMS THE RESULT OF j DIVIDED EY THE ARGUMENT , 

ITS ARGUMENT MUST EE HUMERTC AND CAH BE OF AHT RANK, 

HOWEVER, IF THE ARGUMENT HAS VALUE O, A 'DOMAIN ERROR! WILL RESULT, 


FOR EXAMPLE | aoe ow eo. s Op coe ocoCUS 


— 


Si 





109 DIVIDE “TIVI 


MIP e eC + ECECC ETE THEE HEHEHE EEE TH“ THK HHHHHFHHHEEHTH HEHE HHH HH HHHEH EH HS 


ee rMe OL —- (UPSHIFT y) 1S USED FOR THE Brabic ODIVISIOH FUNCTION, 


IT FERFORMS SIMFLE DIVISION ON HUMERIC ARGUMEMTS OF AHT RAMK, 


FOR EXAMPLEt 4+2 =) 3 a0esa. =) 2. 


DIVIDING BY Q RESULTS IH A 'NOMAIN ERROR', EXCEPT THAT Q=0 =) i, 


TO DIVIDE A SCALAR KY EACH ELEMENT OF & VECTOR, ENTER 5-V, 

momo iVIbE EACH ELEMEHT OF A YECTOR Er THE SAME SCALAR, ERTER V+5, 
femevo CIVIDES EACH ELEMENT OF Vj] ET THE CORRESFONDIMNG ELEMENT OF VO, 
Poeeeee YO MUST KE THE SAME LEHGTH OR TOU WILL GET & 'LENGTH ERFOR' , 


BeReEXAMPLE? (3 4 5)+92 => 1,5 2 


tr 
cn 


Sea =n ee 


(rd 
CA 
Cw 


oom lo ay) F => 


ENTER S-M TO YIVIDE THE SCALAR 5S EY EACH ELEMENT OF THE MATRIX M, 
M2-S WILL DIVIDE EACH ELEMENT OF M EY SG, POTA GF ERATIONS FESULT Ih 
A MATRIX THE SAME SHAFE AS M, 


fas 


FOR EXAMPLE! IF M =>) { 2 THEM 2=M =, 2 AME 6 M290 =) 0,5 1 


Cit 


45 0.5 0.4 one: 
M1242 DIVIDES MATRIX M1 EY MATRIX MO, ELEMENT BY ELEMENT, 
FOR EXAMPLES IF Mj =>) 2 4 AND KO =) 1 2 THEN M{+=42 =) 2 2 
5 8 3 4 22 
IF Mj] AND 49 ARE HOT THE SAME SHAFE, A ‘LENGTH ERROR' WILL RESULT, 


TRYIHG TO BIVIDE A MATRIX BY A VECTOR OR VICE-VERSA WILL FRODUCE A 


‘RANK ERRORS, 


Mgeee FRIHCIFLES CAH BE EXTEMDEDR TO HIGHER LEVEL ARRATS, 





a 
TI 
aI 
i] 


> | FAREHS 


ee? @ tte eee ete e ee et ee oe te te ee ete () *#e> 6 +e @e @ > 6 OO te He te ee € He te 


Segerrre>osES ARE USED TO GROUF SYMBOLS FOR CORRECT FROCESSIHG &rT 
mae GFL IHTERFRETEF, 

APL DIFFERS FROM EVER T OTHER COMFUTER LANGUAGE It THE #aT IT 
DETER MIHWES WHICH OPERATION IS FERFORMED FIRST, 

IT SIMFLY READS FROM RIGHT TO LEFT--'ERACKWARDS'--AHE PERFORMS EACH 


MeePaAilouw AS TT GOES ALOHG, 


I 


> 3 AWIt BxSs =} 9 


FOR EXAMFLE? Recor => 8 BECGUSE { 
7 RECAUSE x3 =) § AND 446 =) 7 


a 
+ 


— 


Ee 


BeeerTRESES ARE USE TO OVERRIDE THIS RIGHT-TO-LEFT RULE, 
moe EXAMPLE Uae ate v7 ao CPeeoxS5: =) 
EXPRESSTIOUS WITHIN FARENTHESES GARE EVALUATED FIRST-~ 


Bio FROM RIGHTY FT) LEFT, 


Bere THE RIGHT-TO-LEFT RULE CA ELIMINATE FARENTHESES, 


Beso lHS FPORENHTHESES SEHERCUSLY CAH ELIMIHATE COMFUSIOM, 





199 QUOTE RUOT 


e*+e* +++ *@ eee eee eee eee 6 ee ee +e He & & H 6 *+e¢+ @ @ @ @ +e 6+ + + 6 HH 6066 HH HH OH HH HH 
THE QUOTE WARK ' (UFSHIFT K) IS USED TO ENCLOSE CHARACTER Data, 
AFL ASSUMES THAT LETTERS (OF COMBINATIONS OF LETTERS GND NUMBERS) 

ARE VARIGELE OR FUNCTION NOMES UHLESS THEY ARE ENCLOSED IN QUOTES, 
BOR EXAMFLE? It THIS TUTORIAL, 

HOW => (THE VARIABLE HAMEL HOW) 


‘HOW! =) Haw 


TOU TAH ALSO USE STMEBOLS SHO HUMEBERS AS CHARACTER DATA, 


34 









2 3 SPECIFICATION 


unt 
“tt 
mH 
"Y 


DT 4s 41s 444) 4S eee eee eee FT Fee ERE OEE HEHEHE EEE DEORE E OD 


Smeeostrnartol « [5 USED FOR SFECIFICATTOR, 

IT 485165 THE VALUE OF THE RIGHT ARGUMENT TO THE VARIABLE HANME 
See IS THE LEFT ARGUMENT, 

THE VWGRITARLE HAME CAH FE ANT COMETHEATION OF LETTERS AND RUMEERS (HO 
SereewL> GHEE HO SFeCES) WHICH BEGINS WITH A LETTER, EExtGrH Is 
Meee; LVELY UNLIMITED, 

THE RIGHT ARGUMENT CAN KE EITHER CHARACTER OR HUMERIC, OF SHY FRANK, 


ne 


wa 


FECIFY 4 CHARACTER VARIAELE, EMCLOSE THE RIGHT GRGUMENT IX 


SevOLE QUOTES ¢(') UNLESS IT 15 ANOTHER CHARACTER VARIGELE, 


Bere THAT THE VARIABLE CSN BE YSED IN THE SAME LIHE AS THE VALUE IS 


in 
ced 
> 
r 
br 
rm 
hil 
i= 
7 
-4 
wn 
re 


M HAVTHO VALUE 32 AND Y HAVIHG VALUE & 


MeTele, RESULTS IM KX, YT, GHEE Z ALL HAVING VALUE 1 


Ps 


wep) 2 5 RESULTS IN V HAVING VECTOR VALUE (1 2 3) 
if 


Vie'APL! RESULTS IN Vi BEIHG A CHARACTER VECTOR? AFL 
eV RESULTS ITM V2 BEING A CHARACTER VECTORS AFL 


SeerelP OW f (UFSHIFT &) FOR IMFORMATION ON SPEETFIING MATERIA 


VGRIGELES, 


O23 
an 





| SHAS SHAE 


~, 
SUES eT CFCC EH HOHE HEH HHH HHH OH Oe ee oe F otto ove eee oe oro eee eo eo He HH HF HH HH FH 


Bees tMrOl p IS WSED FOR THE MOHANTC SHAFE FUHCTION, 
Pees RETURHS & DESCRIFTIOn OF THE SIZE OF ITS ARGUMENT, WHICH CAH 
RE HUMERTO OR CHARGCTER, OF ANT RAHK, 


Peer ASG! Cat BE USED TWICE (frA} TO RETURH THE RANK OF [TS ARGUMENT, 


IF THE GRAGUMERNT 15 & SCALAR, £5 RETURHS HO HUMBER (AH EMFTT VECTOR), 


RECAUSE A SCALAR HAS HO DIMENSION, eps =) O 


Peer thG FY RETURHS ONE HUMBER WHICH REPRESENTS THE LEHGTH OF 


THE VECTOR'S OWE DIMENSION, ppY =p fj 


Bepeeeenere OF MATRINHES IS EXFRESSED AS A THWO-ELEMENT VECTOR, 
Zeer ins, ELEMENHT EQUSELS THE NUMBER OF ROWS (THE LEHGTH OF THE 


Beemer LMERSTOU), AH THE SECOND ELEMENT EQUALS THE HUMEER OF 


m 


feeemto (THE LERGTH OF THE SECOHD OLMEHSTONS , 


rh 


FOR EMAMFLE! DE | cid = jot 2s Tesh OFM = > 2s Ani FPR =) 


BereemiGHEP—-LEVEL GRRATS, -A SILL eE & VECTCR WITH AS MAHT ELEMEHTS AS 
& HAS DPIMENSTONS, THE CUMEER OF COLUMHS WILL ALWATS BE THE LAST 
Seeemetty OF PA, THE MUMEBEFR OF ROWS WILL ALWATS BFE THE NEXT-TO-LAST 
meemeits, FRECEDED Kr THE HUMBER OF ‘FAGES' OR FLANES, FRECEDED &T 
eee tlUMEER OF 'SOOKS' OR SFACES, ANI SO OH, 

BePSGARPMPLES iF @ TS G& A-j-DIMENSTOMNGAL ARRAY, pro =x) Ay 


IF po =» § 3 42 THEM D HAS BOOKS, EACH WITH 3% FAGES, EACH OF 


cH 


WHICH HAS 4 FOS ANT 2 COLUMNS, (THIS WOULD BE DITSFLATED AS 
Gee = 1) SUCCESSIVE 9x? MATRFINES—--THE FIRST THREE BEING THE FIRST 


BOOK, THE SECOHD THREE FETHG THE SECOHD BOOK, ETC, ) 
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eEe 


1235 RESHAFE 


e+e 6 Pe eeeoe eee ever ereee vee eee ee 6 % F St 6856 6 8 4076 F 6 0t $ 6 8 4G Ot OF et eee ee Ut Ue lelUe eS 


THE STMEOL fp I5 USED FOR THE DYADIC RESHAFE FUNCTION, 
THIS TAKES THE ELEMEHTS OF THE RIGHT @RGUMEHT AND REARRAHGES THEN 
ACCORDING TO THE SHAFE SFECIFIED BY THE LEFT ARGUMENT, 

THE LEFT SRGUMNEMT KUST EE GH INTEGER SCALAR OR A VECTOR OF IHWTEGER 
ELEMENTS, 


THE FIGHT ARGUMENT CAN BRE NUMER TC OR CHARACTER, OF AHT RAK, 


IF THE LEFT ARGUMENT IS @ SCALGR, THE RESULT WILL EE @ VECTOR WITH 
LEHGTH EQUAL TO THE SCGLAR, COMSISTING OF THE ELEMENTS OF THE RIGHT 
ARGUMENT, TAKEN IN ORDER TOF LEFT TO BOTTOM RIGHT, 

WHEM THERE GRE HOT EMOUGH ELEMENTS IN THE RIGHT ARGUMENT, 

THE FUNCTION WILL STSRT OVER GUE TAKE THE ELEMENTS IM ORDER AGAIN, 
QS MOMY TIMES AS HECESSARY TO FILL THE VECTOR, 
FOR EXAMPLE: Aide eee | 
dp ('AER') =) ARAB 
IF THERE ARE TOO HGNY ELEMENTS OH THE RIGHT, THE EXTRAS ARE OMITTEL, 


FOR EXMAMFLE? a Os ie a ae i OR, 


See er | SAGUMENT TS A VECTOR, THE ELEMENTS INDICATE, IH ORTER, 
meet Or EACH CIMENSTIGMN IN THE RESULT, 


BEeeEHAMFLE$ 9 Pepi 234 = 


a eon 


“< 


l 


Cel 


4 


fees ORE YAy TO RHTER MATRIXES OF ARRKA?TS OF HIGHER LIMENWSION, 


USTMG A MATRIX ORF HIGHER-LEVEL ARRAY AS THE LEFT ARGUMENT OF FESHAFE 


Meee AE SULT ITH A 'RANK ERROR', 
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bes BRACKETS RRAC 


ME e eres assets sess eee Ld tease tte es eer screens ereesererereens 

DVADIC SQUARE EBRGCKETS SRE USED TO INDEX THE ELEMENTS OF AN ARRAT, 
THEY CAN EE THOUGHT OF AS ENCLOSING SUBRSCRIFTE, 

THE LEFT ARGUMENT (LEFT OF THE ERACKETS) CAN BE & NUMERIC OR CHARACTER 
ARRAY OF ANT RGHK, BUT HOT & SCALAR, INDEXING & SCALAR WILL RESULT 
Ti! A 'RANK ERROR! , 

THE SIGHT ARGUMENT (SETWEEN THE BRACKETS) MUST KE ONE OF HORE 


Pere GeFr SCALA 


es 


i 
ult 
Cc) 
nn 


VECTORS, SEPARBTEO BT SEMIGCGLOnS (5), THeEEE 


fees AS MART SCOLARS/YECTORS AS THERE ARE DIHEHS TONS TH THE 


I 


LEFT GRGUMENT, GR A 'RONK ERROR' WILL RESULT, 
AHT NUMERIC EXPRESSIONS WITHIN THE BRACKETS WILL BE EVALUATED AS IF 
THE SRACKETS ANS SEMICOLONS ARE PARENTHESES, 
BRACKETS CAM! ALSO EE USED FOLLOWING THESE SYTMEOLS$ ,/\4%be 
FOR MORE THFORMOTION, SEE HELP OM THE AFFROFRIGTE STMEOL, 
FOR EXAMPLES IF V IS & VECTOR WITH VALUE (3 4 5 4); 
meet |=) CUE Mie =e 5 4 Vole =) -s Vibe Bo = 2 7 
A FROGRAGMMING LANGUAGE'({ 3 15] =} QPL 
THERE [TS QHLY GME SCALAR OF VECTOR WITHIN THE BRACKETS BECAUSE 


Seen OnS HAVE CHL Y OHNE BIMENSTON, 


MATRIXES REQUIRE TWO SUEBSCRIFTS--TWO SCALARS OF VECTORS, SEFARATED 
B1 & SEMICOLGH($), WITHIN THE BRACKETS, 


aeeamoy SURSCRIFT REFERS TO THE ROW, THE SECOWD TO THE COLUMN, 


FOR EXAMPLE? IF M =) j 


tJ 
rt 


THE eMgs io =) 1 AME ME] 452) -2) 3 § 
age 
an 
TQ SELECT AM ENTIRE ROW (GR ROWS), ENTER THE ROW SUESCRIFT FOLLOWED 
Er & SEMICOLON, WITH NO COLUMN SUESCRIPT, 
FOR EXGMFLE! MO13;} =) i122 
FOR ENTIRE COLUMH(S), LEAVE THE ROW SUECRIFT BLANK AND ENTER & SEMI- 


POCOHW FOLLOWED EY THE COLUMH SUESCRIPT(S), 


33 





ets 


hi 
~~ 


FOR EXAMFLE! IF Mj] => FOR THEM MIE;1] 


ITHFO 
HOTICE THAT ONE ROW OR OHNE COLUMMH OF A MATRIX I5 SIMFLT A VECTOR, 


fer & 1XC OR Rx] KWATRIX, & SINGLE ELEMERT OF A MATRIX IS aA 


SCALAR, MOT A 1x1 HATRIX OF A VECTOR OF LENGTH j, 


fee UF BRRACKETS CAM BE EXTENDED FTO HIGHER EPIMEHSTIOHS Br AULING 


YECTOQR FOR EACH UIMENSTON, 


A SEMICOLON SND & SCALAR OF 
4 5, THE SECOND BOOK, THIRD FAGE, FIRST ROW 


C+) 


FOR EXAMPLE, IF px =} 2 
(ALL COLUMNS) CAN BE SELECTED EY ENTERING MC2S3ZH13], 
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a2 / RAVEL RAVE 


q+??? FFF HF HHH HHH HH HHH HF HH HH HHH 7 ¢e*+e?47%7P? P77 FFF FH FH HHH HH HHH HHH HHH HH EH 


THE STMEOL , [5 USED FOR THE MONADIC RAVEL FUNCTION, 
THIS FUHCTIOM CHANGES ITS ARGUMENT TO THE FORM OF A VECTOR, IT TAKES 


EITHER WUMERTC OF CHARACTER ARGUMENTS OF AHT RAHK, 


uy 


TO CHANGE & SCALAR TO A VECTGR OF LEHWGTH 4, ENTER , 
FOR EMAMFLE* sp =) QO BUT pF,3 =) | 
THIS COM BE USEFUL TO ENSURE THAT & VARIAELE IS A VECTOR WHEH 


USIHG A SCALAR WOULD LEAD TO AM ERROR (E,G,, INDEMING), 
VECTORS REMGIN UNCHANGED BY RAVELLING, 
MATRIMES ARE CHANGED INTO A STHGLE LONG VECTOR, STARTING WITH THE 
TOF ROW GHD READING ACROSS EACH ROW FROM LEFT TO RIGHT, 
FOR EXAMFLE! IF {=} 12 THEN ,M4{ => 193 4 


3.4 


THESE FRINCIFLES CAN SE EXTENDED TO HIGHER LEVEL ARRATS, 
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aes CATEHATE CATE 


Ms 5 4H F HOH tH HOH FF HHO HEED HTH H HHH EHR ER HEHE EDS 
fees tMeOl , 15 USED FOR THE DPYALTIC CATEHATE FUNCTION, 
THIS FUNCTION WILL COMBINE TWO SCALARS GF GRRATS INTO A SIMGLE ARRAT, 


Meera keS EITHER rHUMERIC OCR CHARACTER ARGUMENTS, 


ENTERING $1,539 WILL RESULT IM A VECTOR ($j $2) FOR EXAMFLES 


4 


fees |? VILL ASSIGH THE VECTOR VALUE ¢(] 2} TO THE VARTIAFLE V 


* 


feeemers CAM EASILY Be EXTENDED & CATEMATING S,V OF V,5 OF VV, 


BOReSXOMPLES UF VY =>) | 2 °#£4271THEN 
ome => 12? g Oy =) Oe = ee 


ar) 


ATSHEATING A SCALAR TO A MATRIX WILL RESULT IR & MATRIX WITH 
QHE MORE COLUMM THAH THE MATRIX ARGUMEHT, ALL EHTRLIES le THIS 


Bleumit WILL HAVE THE VALUE OF THE SCALAF, POR EAASFE LE? 


IF M =) 1 2 THEH SM =) § 1 2 AHD My5 => 1 35 
3 4 4 3 459 


CATEMHATING TWO MATRIXES WILL RESULT Til A MATRINK COHTAINING THE THO 
BeeeltealL MATRIHES 'SIME Br SIDE! . 


FOTH MATRIXES MUST HAVE THE SAKE HUMBER OF FOWS OR A 'LENHGTH ERROR! 


WILL RESULT, 


FOR EMAMFLE? ie iwc, KES Ae =). 5.6 
3 4 ae 
THEN Mi,42 2? %1Y 25 §6 AMD M2M1 =? 5 61 ? 
Aas 78 3 4 


feeero t9 CATEHATE A VECTOR TO A MATRIX WILL FESULT IN A 'RAHK CREO! , 


SeeoeeralHCIFPLES CAH BE EXTEMDED TO HIGHER LEVEL ARRAYS, 
FOR MORE THFORMATION ON DIFFERENT WATS TO JOIN ARFATS, SEE 


MENU FOR LAMINATE, 





12 THDEX GENERATOR Dts 


METS Ce eC FTTH Heer eee eae eeeee L ceheeeeeeeeeeeneeeeee eee eeeeeseee 

THE STMEOL | (UFSHIFT Ij) IS USED FOR THE MOHADIC IMNEX GENERGTING 
FUNCTION, 

IT 1S USED WITH G SINGLE HON-NMEGATIVE INTEGER ARGUMENT (SCALAR, OF 
VECTOR OF LENGTH 13, 

IT RETURNS A VECTOR OF INTEGERS, IN ORDER, REGINNING WITH THE INDEX 
GORIGIN, GHD EMDING WITH THE ARGUMENT, 

FOR £XAMFLE! ee p= 5a5 10. =? (AM EMPTY VECTOR) 

THE INGEN ORIGIN IS MORMALLYT (EY DEFAULT) 1, 

USING , WITH A HOH-INTEGER, MEGATIVE OR ARRAY GRGUMENT WILL FRODUCE A 


BeOMAIM ERRORS, 





ie L BE tUE hl Oe REDD 


RMS Ss ste ese ss tee rereerers FS erteree reser eeetenereneeeeereterner 
THE SYMBOL / I5 USED FOLLOWING ANOTHER FUNCTION STMEBOL AnD 
PRECEDING A SINGLE ARGUMENT TO FRODUCE THE MIXED FUNCTION 
CALLED REDUCTION, 
REDUCTION MAY EE USED WITH HUMERIC ARGUMENTS OF AT RANK, 
REDUCTION MAY ALSO FE USED WITH CHARACTER ARGUMEHTS IF THE FUNCTION 


iets SEIMNG COMBINED WITH ACCEFTS CHARACTER ARGUMENTS, 


ist 
m3 
QD 
I~ 
Ta 
eu 


feo ff WITH A SCALAR SIMeLY RETURHS THE 


Seieesel WITH A VECTOR, REDUCTION GIVES THE SAME EFFECT AS INSERTING 
THE OTHER FUNCTION STMEOGOL EFETWEEM ESCH VALUE OF THE VECTOR, 


FOR EXAKFLE? 


Mee) 3) =) § # £=j%FBECAUSE 14243 =) 6 
Meo 3 4) =) %24 BECAUSE 9¥3x4 =) 24 
WHEM UsteHG REDUCTION, ALWATS FEMEMEER AFL READS FIGHT TO Lert: 


ow) 
im 
i 
ct 
Di 
co 
ut 
i 


est es >) theta, =) 672 


Meee THIS FRODUCES THE EFFECT OF SUMMATIOH WITH SLTERRATING SIGHS, } 


SeeteeoED WITH & MATRIX, / WILL FERFORM AS IF EACH COLUMN IS 
Seeeilt , ele aor Te COR RESPOHRDING ELEMENTS OF ERMCH COLUM, 
Bee’HRAT THE GHSWER WILL BE G& VECTOR WITH AS MAHT ELEMENTS AS 
fiers WERE ROWS IN THE ARGUMENT , 

PeeeeGsAMPLES IF fm => 2D 8 Pete wees sy. © 2 

S 


eee erms KEFER TO THIS AS WORKIHG ‘ACROSS' OR ‘'OVER' THE COLUMHS 


¢ 
SINCE COLUMNS ARE THE SECOHE OF TWO DIHENSTONS OF A MATRIX, 
fees MEARS THAT THE SYMEOL / WORKS ‘OVER' THE LAST DIMENSION, 
Berenice OVER THE FIRST DIMENSION E,S, ROWS OF A MATRIX), USE THE 


¢ 


eemeeOl f (ALT /), Tit FLACE OF /, 


é 


THIS IS IMFORTART WHEH WORKING WITH HIGHER-DIMENHSIONAL ARRATS, 


FOR EXAMPLE, IN A THREE-DIMENSIONAL ARRAY OF FAGES, FOWS, Ann 


ao 





Pouctcs sy sll L REDUCE OVER THE COLUMHS, “~ OVER THE FAGES, 


mol Ut 


7 meee e UYER Gily GIMENHSION, +rOU Mar SFECIFYT THE DIMensIow TH 


a 
BRACKETS FOLLGWIHG THE # (OR THE /) SYMBOL, 


FOR ExAMFLe, TO FLUS REDUCE OVER THE ROWS OF & THREE-DIMENSTONAL 


J 


TOSeP Les BePUece 


Ip 


ea ieR eee pae OR e/[2 AA, 


is 
r 


ARR SG? CALLER 


OVER THE FAGES, ENTER 470A CR +/[1]AA, TO FLUS REDUCE OVER 


THE COLUMHS, EHTER +/AA OR +4[ 3] AA, 


Suemottere OF THE ALSWER WILL BLWATS BE THE SAME AS THE SHAFE OF THE 


SeeeemetiT OM ITTING THE UIMEHSTON REDUCED OVER , 


FOR ENAMWFLE? IF pa => 34S 


cn 


3 4 Payee =) Seo PtAR => 4 


‘wl é 


if 


x 


THEN Fe/e 





5. REDUCTION RELY 


ee ee lp alga % eles se ae sae see ee eee ee Ree ee Oe eee 


THE STMEOL ¢ (ALT /) IS USED FOLLOWING ANOTHER FUNCTION STMEOL AHI 
FRECEDING & SINGLE ARGUMENT TO PRODUCE THE MIMED FUNCTION 
CSLLED REDUCTION, 

REDUCTION MAT EE USED WITH HUMERIC ARGUMENTS OF ANT RANK, 

REDUCTION MAT ALSO FE USED WITH CHARACTER ARGUMENTS IF THE FUNCTION 


foes SEETHG COMBINED WITH ACCEPTS CHARACTER ARGUMENTS, 
USTHG ~ WITH & SCALAR STMFLT RETURHS THE SCALAR, 


revo et WITH A VECTOR, REDUCTION GIVES THE SAME EFFECT AS INSERTING 


Rae O THER FUHCTION SYMBOL BETWEEN EACH VALUE OF THE VECTOR, 


Petit 23) => 6 eee eet s =) 6 
47 =) sh SECAUSE 2h5x4 =r 24 
WHEN USING REDUCTION, ALWATS REMEMBER AFL READS RIGHT TO LEFT} 
mee 3) =) 2 FECAUSE  {-(2-3) => 2? 


Peete THIS FRODUCES THE EFFECT OF SUMMATION WITH ALTERNATING SIGHS, ) 


WHEN USED WITH @ MATRIX, £ WILL FERFORM AS IF EACH ROW IS 
& UNIT, IT WILL ADD THE CORRESFONDING ELEMENTS OF EACH ROW, 
SQ THAT THE ANSWER WILL BE A VECTOR WITH AS MANT ELEMENTS As 
THERE WERE COLUMNS IM THE ARGUMENT, 
FOR EXAMPLE? IF pH =) 2 4 THEH paeyM =) Q 
AFL USERS REFER TO THIS AS WORKING ‘ACROSS! OF 'OVER' THE Rows, 
SINCE ROWS ARE THE FIRST OF TWO DIMEHSIONS OF A MATRIX, 
THIS MEANS THAT THE STMEOQL “¢ WORKS 'OVER' THE FIRST DIMENSION, 
TO REDUCE OVER THE LAST DIMEMSION (E,G, COLUMHS OF A MATRIX), USE THE 


STMEOL / IH PLACE OF 4X, 


THIS IS IMFORTANT WHEN WORKING WITH HIGHER-DIMEMSTONAL ARRATS, 


FOR EXAMPLE, IN & TRHREE-DIMENSTONGAL ARRAT OF FAGES, ROWS, AND 





COLUMNS, / WILL REDUCE OVER THE COLUMHS, + OVER THE FAGES, 

Ta SEDUCE OVER ANT DIMENSION, TOU MAT SFECIF YT THE DIMENSION TH 
BRACKETS FOLLOWING THE ¢ (OR THE /) SYMEOL, 

FOR EXAMPLE, TO FLUS REDUCE OVER THE ROWS OF 4 THREE-DIMENSTONAL 
ARRAT CALLED AB, EHTES +/[79]AA OF 4+/[9}]0A, TO FLUS REDUCE 
QVER THE FAGES, ENTES +444 Of 4/(71]AA, TO FLUS REDUCE OVER 
THE COLUMNS, ENTER +/AG OF 4/7] AA, 

THE SHGFE OF THE GHSWER WILL BLWOTS BE THE SAME 8S THE SHGFE OF THE 
ARGUMENT OMITTING THE DIMENSION REDUCED OVER, 


FOR EXSMFLE! IF fA =) 345 


i 
ae 


THEN pixya = Pay boa sk S Pt /h 3 4 


“- 
t+ 
an 
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141 EMPONENTIAL E 


eo 


FD 


+e? e*@e*etpet te ee ve ee eee eee e ee ee ee Nem maUeturs au eneaats rei s 46446 64 804A O08 8 0 4 et 


Pelee MeOL ¢ (UPSHIFT F) IS USED FOR THE HORADIC EXPONENTIAL FUNCTION, 
PeeeetURHWS THE VALUE OF THE CORSTANT E TO THE FOWER OF THE ARGUMENT, 


IT TAKES HUMERIC ARGUMEMTS OF BHY RAK, 


FOR EXAMPLES a9 => 7 ei o6=>©6©9, 7182981828 
Re =) 1 648721271 
ee a 20 Cs gase72 el oaSouLk so 


ie 





4. FOWER FOWE 


Bee TH CeO eet OK Fe ORE REE HEE ERE HERE EHH HEH DOE 

SemeeectmekOlL 2s (UFSHIFT fF) IS USED FOR THE branbic FOWER FUHCTION, 

Meee RE TURHS THE VALUE(S) OF THE LEFT ARGUMENT RAISED TO THE FOWER OF 
RIGHT ARGUMETT , RFEGUREHTS ARE NUMERIC GF ANT ROARK, 

MeerOor—-IHTEGER RIGHT ARGUMENT Cat! BE VSED TO OBTAIH ROOTS, 


Meee AMPLEs xt =) 2 440 = 


A 


it 4k,.5 => 2 


TO RAISE EACH CLEMENT OF & VECTOR TO THE SAME FOWER, ENTER VF, 

TO FAISE & SCALAR TO A SERIES OF FOWERS REPRESENTED Br & VECTOR, 
ENTER SV, 

YixV2 RESULTS IN THE ELEMENTS OF V{ SEING RAISED TO THE FOWER OF 
THE CORRESPONDING ELEMENT IN V9, 

¥{ AND VO HUST HAVE THE SAME NUMEER OF ELEMENTS OF A 'LENGTH ERROR! 
WILL RESULT, 


Meme erMPLe, Se(i 23) => 3 2 27 ie sot) ed 


Giger aatg 4022 S) 32°51 64 


oo 
ro 
“J 


TO FAISE EACH ELEMENT OF THE MATRIX M TO THE SAME FOWER 5, 
ENTER Mx5, TO RAISE THE SCALAR S TO THE FOWER GF EACH ELEMENT 
IH THE MOTRIN WM, ENTER Sam, 


Peeemestiy Witt BE A MATRIX THE SAME SHAFE AS M, 


Mees OoMrPLE! IF M =) { 2 THEM Jam =) 3 9 AMD Meg =} il 3 


ee 


4 27 GA 27 64 
MigM2 RESULTS IN THE ELEMENTS OF Mi RAISED TO THE FOWER: 
OF THE CORRESPONDING ELEMENT IM 2, 
FOR EXAMPLES IF Mj =) {| 2 AND M2 =) 4 3 (THEN M1xM? =) 1. Q 
3 4 i 9 4 


Pree, Ari MD ARE HOT THE SAME SHAFE, A 'LEHGTH ERROK' WILL OCCUR, 


ro 


IF ONE ARGUMENT I5 & VECTOR WHILE THE OTHER ARGUMENT IS A MATRIX, 


THE RESULT WILL BE GO 'RANK ERROR' , 


Bese PRINCIPLES CAn EE EXTEWDED TO HIGHER LEVEL ARRATS, 


°8 





143 HATURAL_LOG HATU 


cise sissy ¢ bs es 6 68 5 86 64 6 4 £6 OM CFE URE EHH EEE EEE 


THE STMEOL g@ (ALT 9) IS USED FOR THE MOHADTIC MATURAL LOG FUNCTION, 
foeemerwstS THE VALUE GF THE FOWER TO WHICH THE COHSTAHT = MUST 


BE RAISED TO ERUGL THE ARGUMENT, PHOOTHER YURDS, EMTERITHG 


ui 


OS WILkL SOLVE THE AFL EQUATION zh = POR it, 
Meek es OL, FOSTITIVE HUMERIC ARGUMENTS OF ANT RAHK, USTHGre, BITH 
Meee OR WITH HEGATIVE ARGUMEHTS WILL RESULT TH A ‘DOMAIN ERROR, 


FOR EXAMPLE > ea os) o 


FOR EXANFLE? ai3 2) =) 1,0°66 


-” 


oa 






144 LOGARITHH LOGA 


DHS TFET TCE Cee eee eeee cence LM per er eee eee sense ree eeeeerorereeeee 
Pte otrHeOL w@y (ALT 8) IS USED FOR THE Dranic LOGARITHM FUNCTION, 
THIS RETURNS THE LOGARITHM OF THE RIGHT ARGUMENT Ih THE BASE OF THE 
LEFT ARGUMENT, Tatoo lier erento THE VYACUE OF THE FOWER TO 
WHICH THE LEFT GRGUMENT MUST BE RAISER TO EQUAL THE RIGHT ARGUMENT, 
eer Lee TO SOLVE THE ERUATION Let = FR FOR , 
PemgbeaciilS GRE FOSITIVE HUMERIC OF AHY RAHK, USING @. WITH CERO OF WITH 
Pesan ive HUMEESS WILL RESULT It A 'RPUMALIN ERROR’, ENTERITIS Sal's 


Piemes > LS Aly HUMBER EXCEPT t WILL ALSO FRODUCE A 'DOMAIN ERROR! , 


“ 
me 
r— 
il 
we 
Co 


FOR EXAMPLE! 198100 =) 9a1024 =) 10 


ro 


RemeetTaii? THE LOG OF EACH ELEMENT OF A VECTOR IN THE SAHE EASE, 
ENTER Bav, 

Pee TERMIHE THE LOG OF A&A SCALAR TH A VECTOR OF DIFFERENT EASES, 
Sager” wes, 

Seer e SULTS TH THE LOG OF EACH ELEMENT IN VO IH THE BASE OF 
Spee GGrRESPONDING ELEMENT IN V1, 

Peete YO MUST HOVE THE SAME HUMBER OF ELEMENTS OR A 'LENGTH ERROR! 


WILL RESULT, 


ro 


FOR EXAMFLE? Ja( 


3 eee (2 4)@16 => 4 
(eee 


NO 

ro 

“J 

baad 
t 


on 
nal 
a 
rm 
+> 
“GO 
to 
chy 
th 
to 
r3 
to 


ARALOGOUS FESULTS ARE OGETAINED FOR MATRIXES AND HIGHER LEVEL ARRATS, 
UNLESSS ONE ARGUMENT IS A SCALAR, BOTH ARGUMENTS MUST BE THE SAME 


Sere , Site awl stem  RoHK ERROR * OF "“LEHGTH ERROR ' WILL RESULT, 
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145 fo Eid 


TRS Sr yeryuiruer mes gerne © rue ue Sear Suan Sr err Sarr Se 


Meee tTMbOL © (UFSHIFY O} £8 USED FOR THE MOHADIC FI TIMES FUHCTION, 
Pere rUhhS THE YAaLUE OF THE COWSTAHT FI TIMES THE ARGUMENT, 
IT TAKES NUMER TC SRGUMEHTS OF ANT RAMK, 


FOR EXGHFLE? oO 8 60=} 0 8 
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eee ere ereeres 
JHE SITMEOL G& 


feeesce LTHCLUDE 


GEOMETRIC 


CNSR e ayes enicers sssrt Gt Sk OHNO OOOO OO eee 


Ce ste yes Ueki FOR THE DrAblC GEOMETRIC FUHCTIONS, 


THE MAIN TRIGINOMETRIC FUNCTIONS, THe Slee] AkGCUMNEHT, 


Seeee HUST BE AK IHTEGER FROM ~7 TO 7, DETERMINES BHICH FUNCTION 
IS CALLED, THE RIGHT ARGUMENT, WHICH CAH EE QA HUNERIC ARRAY OF 
QtyT RANK, REFRESEHTS THE VALUE OF AH ANGLE Ih RADIANS, 
Reece LLOWING FUNCTIONS SRE FEFRESENTEL! 
[meme > COS (ARCSIN +) GR SIH (ARCCOS 1) WHERE jrT{[ cl 
mor => =I fT [igi =) SR estt 1 WHERE [riod 
2oT =} es y Sl at =} ARCCOs 7 WHERE jri<] 
2a =) TAR YT ~3o1 =} SkECTAH T 
497 =) EGQEGH -(GRECSTIHH 7 } “46517 “=> SivnM (RARECGSER 7) WHERE |1)]>7] 
SOT =) SIH Y SOT => ARCSIHH YT 
607 =} EVSH T [set =) “ARECOSH ++ WHERE 1) 7] 
7O7 = TARH T ~7oO1 => RACTAMH YT WHERE fava 
dem FUHCTIONS, SUCH AS SECAHT, MUST BE COMFUTED Br FORMULA, 
moe EXAMPLE $ (REMEMBER @] EQUALS FR TIMES ij) 
meg |=) CQ lool =7 9 190,5 => 1 
260 => 1 2601 => “t 200,95 => 1,74359542497E° 16 
HOTICE THAT SOMETIMES A VERY SHALL MUMEER WILL AFFEAR INSTEAD OF ZERO, 
OR A VES'Y LARGE NUMBER WILL AFFEAR INSTEAD OF A DOMAIN ERROR, 
feeeneiCALLyY, THE TAHGENT OF ONE-HALF FI UOES MOT EXIST, EUT! 
Semes => SS, 75414511 39ELS WATCH CUT FOR THIS! 






147 FACTORIAL 


$ 
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eeemcok ¢ (ALT 4+) [5 USED FOR THE mMOHADTC FACTORIAL FUNCTION, 


4 


itt E 


IT RETURNS THE FACTORIAL CF HON-NEGATIVE NUMERIC ARGUMENTS OF AKT RAMK, 


FOR EXAMFLE! fi Ss Se Ls 62-1 


USING HON-IHTEGER GRGUMEHTS FRODUCES THE GAMMA FUHCTION GF THE 
ARGUMENT+1, 


FOR EXAMPLE, ind =) ee Coen eOr edd (GAMMA OF 1,5) 


193 






143 EIHOMIAL BINO 


i 
@#¢4¢460444%4 4 @ ¢ $64 6 6 © HH HH HH © HH H FH ® 44? © $$ O46 HHH HH HF HHH HH H 


THE SYMEOL ! (ALT +) IS USED FOR THE DYTANIC BINOMIAL FUNCTION, 

IT TAKES NUMERIC ARGUMENTS OF ANT RANK, 

FOR FOSITIVE INTEGER ARGUMENTS, LIK WILL RETURN THE HUMBER OF WATS OF 
TAKING Ff ORJECTS L AT A TIME, 

Mets 1S THE &IHOMIAL COEFFICIENT OF & OVER Ly COMPUTED (i3R)+!Ly¥!(R-L), 

WITH HEGATIVE OF NON-IHTEGER ARGUMENTS, THE BINOMIAL FUNCTION RETURNS 


PeeeelUuE BASED OHM THE KETA FURCTION, 


FOR EXAMFLE? Zia => 4 FUT ar =) 0 
RECAUSE THERE ARE FOUR WATS OF TSKING FOUR OBJECTS THREE AT A TIME, 
EUT THERE IS HO WAY TO TAKE THREE OBJECTS FOUR AT & TIME, 

THESE SHSWERS ARE EASED OM COMVENTION? 


0.0 =) : Os42 =} i 42.42 =) i 


WHEN A SCALAR ARGUMENT IS FAIRED WITH A VECTOR ARGUMENT, THE FUNCTION 
COMBINES THE SCALSF WITH EACH ELEMENT OF THE VECTOR IN TURH, 
Peo 4S) => 3 6 10 Coe455).0 =) 10 5 1 

CORRESPONDING CLEMENTS OF TWO VECTOR ARGUMENTS ARE COMBINED, 
meme s)e 6S 6 7) => 10 15 21 

Vf AND V2 MUST HAVE THE SAME HUMBER OF ELEMENTS OR A 'LENGTH ERROR! 


WILL RESULT, 


WHEH A SCALAR ARGUMENT IS FAIRE WITH A MATRIX ARGUMENT, THE FURCTION 
COMBINES THE SCALAR WITH EACH ELEMENT OF THE MATRIX IN TURN, 
FOR EXAMFLE$ IF M => { 2 THEN ZIM => QO 0 OND M!Z =) 33 
3 4 ea iG 
CORRESPONDING ELEMENTS OF TWO MATRIM ARGUMENTS ARE COMBINED, 
FOR EXAMFLE$ IF M{ =) 1 2 OND M2 => 3 4 (THEN M{IM2 => 3 §& 
3 4 oie LOels 
IF Mj] AND MD ARE HOT THE SAME SHAFE, A 'LENGTH ERROR' WILL OCCUR, 


IF OHNE ARGUMENT IS A VECTOR WHILE THE OTHER ARGUMENT I5 A MATRIX, 
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THE RESULT WILL BE A 'RANK ERROR, 


ESE FRIMCIFLES CAN BE EXTENDED TO HIGHER LEVEL GREATS, 





: 
4 
: 
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Sie steMeOlL | (URPSHIFT H) IS USED FOR THE MOHADIC MAGHITUDE FUNCTION, 
IT RETURHS THE ABSOLUTE VALUE OF HUMERTC ARGUMEHTS OF AHY RANK, 


FOR EXAMFLE: [IG => 0 eos oe eho => 8 2°10 
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154 scan SCA? 


MI Sree tH Heh the aes N Feeder eee ener roreeeeeeeereernereeene 

fepeeestMEOL \ (URPSHIFT /) 15 USED FOLLOWING A EPTAbIC FUNCTION SYMBOL, 
FRECEDING A SINGLE ARGUMENT FRODUCTHG A MEXED FUHCTION CALLED SCAH, 

SCf&H MAT BE USED WITH HUMERIC ARGUMEHTS CF AHT RANK, 

SCAH MAT ALSO KE USED WITH CHARACTER ARGUMENTS IF THE FUHCTION IT 5 


COMBIHED WITH ACCEFTS CHARACTER ARGUMENTS, 


fee \ WITH A SCALAR SIMPLY RETURNS THE SCALAR, 


WHEN USED WITH A VECTOR, SCAH GIVES THE SAME EFFECT AS INSERTING 
male OrHeR FUNCTION STMEOL BETWEEMH EACH VALUE OF THE VECTOR, 
PHet OFERATIHG FROGRESSIVELYT AS FOLLOWS: 

fees) ELEMEHMT OF THE AHSWER WILL BE THE FIRST ELEMENT OF THE 
ARGUMENT, Tae SsetCenh ELEMEHT Wit GE THE ARESULT OF THE MAT? 
FUHCTICH OFERATING QOH THE FIRST TWO ELEMENTS OF THE ARGUMEMT, 
Rm@eeereiet ELEMEHMT OF THE AHSWER WILL KE THE RESULT OF THE MAIN 
Beach GFERATIHNG AS IH REDUCTION OF THE FIRST THREE ELEMENTS 
OF THE AFPGUMENT, AHE SO OH, 


Pewee sstot WiLL ALWATS BE THE SAME LENGTH 45 THE ARGUMENT, 


FOR EXAMFLE? 


yk 


r.2 


Pea) 4 5 BECAUSE 1 =) ds 142 =) Ss 142+3 => 6 


Bee 5 4) ==) 


WHER USING SCAH, ALWATS REMEMRER AFL READS RIGHT TO LEFT WHEM IT I5 


Ct 


J 


5 
& 24 


r 


USING REDUCTION OH MORE THAN TWO ELEMENTS OF THE ARGUMENT, 


be 


Beemer s) =) 1 “1 2 BECAUSE 4 =) 1, 1-2 =) “dy 1-(2-3) = 


WHEN USED WITH A MATRIX, SCAM WILL FERFORM AS IF EACH COLUMH IS 
A UNIT, THeweitkot GCOLUMH OF THE ANSWER IS THE FIRST COLUMH OF 
THE ARGUMEHT, THE SECOND COLUMN OF THE G#HSWER IS THE RESULT OF 
OPERATING OH THE FIRST TWO COLUMHS OF THE ARGUMENT, AHD SO OM, 


AFL USERS REFER TO THIS AS WORKING 'ACROSS' OF 'OVER' THE COLUMNS, 





ttt 


INCE COLUMNS ARE THE SECOND GF TWO DIHENSIONS OF A MATRIX, 
THIS MEANS THAT THE STHMEBOL \ WORKS 'QVER' THE LAST DIMENSION, 

TQ SCAM OVER THE FIRST DIMENSION (£,G, ROWS OF A MATRIX), USE THE 
STMEOL % (ALT ,},) IM FLACE OF \, 

THIS IS IMPORTANT WHEH WORKING WITH HIGHER-DIMENSIONAL ARRATS, 
FOR EXAMPLE, TH A THREE-DIMENSIONAL ARRAT OF FAGES, ROWS, AL 
COLUMNS, \ WILL SCOM CVER THE COLUMNS, \ QVER THE FAGES, 

TO SCAN OVER ANT DIMENSION, TOU MGT SPECIFY THE DIMENSION IM 
EROCKETS FOLLONYING THE \ (OR THE 4%) SYMBOL, 

FOR ENGHFLE, TO FLUS SCAM OVER THE FOWS OF A THREE-~DIMENSIONAL 
GERAT CALLED AA, ENTER 4\CO]AA GF 45[29]6A, TO FLUS SCAN OVER 
THE FAGES, ENTER 4388 OF 4\[{]4A, TO FLUS SCAN OVER THE COLUMNS, 


ENTER +\AA OR +4 Z]AA, 


tt 


Reema saULT SILL ALWATS KE THE SAME SHAFE AS THE ARGUMENT, 
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i 
rs 
ae 
ps 


aged SCAM 


RK RRS A GST GS 5 cre Cnr Were pn Wager 


THE STHEOL & (ALT ,) IS USED FOLLOWING A BYALIC FURCTION STMEOL ONE 
FRECEDIHNG A SINGLE ARGUMENT FRORUCING A MIXED FUNCTION CALLER SCAH, 

SCAR MOT KE USED WITH RUMERIC ARGUMENTS OF ANT RAHK, 

STAN MAT ALSO KE USED WITH CHARACTER ARGUMENTS IF THE FUNCTION IT I5 


COMETHED WITH ACCEPTS CHARACTER ARGUMENTS, 


USTHG & WITH A SCALAR SIMFLYT RETURNS THE SCALAR, 


meen USEL WITH & VECTOR, SCAN GIVES THE SAME EFFECT AS INSERTING 
eee OTHER FUNCTION STMEOL BETWEEHM EACH VALUE OF THE VECTOR, 
feger OPERATING FROGRESSIVELYT AS FOLLOWS? 

Sees) CEL EMENT OF THE AHSEWES WILL RE THE FIRST ELEMENT OF THE 
ARGUMENT, Tone seeeCHth ELE MEHT WIit FE THE RESULT OF THE MAIN 
mere tO OFERATING Ch THE FIRST TWO ELEMENTS OF THE ARGUMENT, 
fee THIFRGT: ELEMENT GF THE AHSWER WILL EE THE RESULT OF THE MALIN 
Bee ert OF ERATIHG AS IN REDUCTION OH THE FIRST THREE ELEMENTS 
OF THE APGUMEHT, AMD SO OR, 


THE RESULT WILL ALWATS EE THE SAME LENGTH AS THE APRGUMERT, 


FOR EXANFLE? 
#h(1 23) => 13 6 ‘BECAUSE 1 => 1y 142 => Jy 14243 => 6 
res 4) =) 2 6 24 

Pees litG SCAH, ALWATS REMEMBER AFL READS RIGHT TO LEFT WHEW IT I5 
USING RERUCTION OF MORE THAH TWO ELEMENTS OF THE ARGUMENT, 


Beee2 3) =? 1 “1 2 BECAUSE 4 => fy {1-2 =) “1y 1-(2-3) => 2 


WHEH USED WITH A MATRIX, SCAR WILL PERFORM AS IF EACH ROW 15 
Seer ly , THE FIRST BOW OF THE AHSWER IS THE FIRST ROW OF 
THE ARGUMENT, TRE SECGHI ROW GF THE SBHSWER IS THE RESULT OF 
OPERATING OM THE FIRST TWO ROWS OF THE ARGUMEHT, ANT SO ON, 


SeeeUSERS REFER TO THIS AS WORKING ‘ACROSS!’ OR 'OVER' THE ROWS, 


ole 





SINCE ROWS ARE THE FIRST OF TNO DIMENSIONS OF A MATRIX, 
Poco Meats THAT THE SraeolL —~ WORKS 'OVER' THE FIRST DIMENSION, 
Mmemocet OVER THE LOST DIMENSION (FE,6, COLUMHS OF A MATRI“a#), USE 


THE STMEOL \ (UFSHIFT /), IN FLACE OF X, 


THIS IS IMPORTANT WHEH WORKING WITH HIGHER-DIMENSIONAL ARRATS, 
FOR EXAHFLE, IH A THREE-DIMENSIOWAL ARRAY OF FAGES, ROWS, ANE 

POLUMNS, \ WILL SCAN OVER THE COLUMHS, \& OVER THE FAGES, 

TO S$C8H OVER ANT DIMENSION, TOU MAT SFECIFYT THE DIMENSION IN 
BRACKETS FOLLOWING THE \ (OR THE \)} SYTMEOL, 

FOR EX@MFLE, TO FLUS SCAN OVER THE ROWS OF A THREE-DIMENSIONAL 
ARRAY CALLED AA, ENTER 4+4[9]GA OF 4+\[2]AA, TO FLUS SCAN OVER 
THE FAGES, ENTER +3AA OR +4\L{]6A, TO FLUS SCAN OVER THE COLUMNS, 
ENTER 4\4A OR 4\C3]AA, 


Mee PEeSULT WILL ALWATS BE THE SAME SHAFE AS THE ARGUMENT, 
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>? @eesee ee ee ee ee ee eee eee ese eo 0 @ f a i 2 2 


Sees ime Ol [— (UPSHIFT 5) IS USED FOR THE MOWADIC CEILING FUNCTION, 
IT RETURWS THE VALUE OF HUMERIC ARGUMENTS OF ANT RAHK, 'ROUNDED UF! 
mem he HEAREST INTEGER, 


FOR EXAMPLE} Meena, S02) =. “soo 2 


it 





162 FLOOR FLOO 
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BemeeestMEOL {| (UFSHIFT bb) 1S USED FOR THE HOHADTC FLOOR FURCTION, 
IT RETURNS THE VALVE OF HUMERTC ARGUMERTS OF AHT RAMK, ‘ROUHDED DOW! 
Mieede HEOGREST IHTEGER, 


FOR EXAMPLE} Mase ls) eta Oo 1? 





153 MAXIMUM MAXI 


a ARR 5 5 Ae a Sy gear ar 


eee >tmeOL fF (UPSHIFT S) IS USE FOR THE BPYADTC MAXTHUM FUNCTION, 
THIS RETURNS THE MAXIKUM OF ITS TWO ARGUMENTS, WHICH ARE NUMERIC 


OF ANT RAHK, 


Meme ExeMFLE, OF 4 => § 
Meee HECK A SCALAR AGAINST EACH ELEMENT OF A VECTOR, EWTER S[¥ ORK VIS, 
Zee eew Ili COMPARE TWO VECTORS ELEMENT EY ELEMENT, FOR EXAMPLE } 
Ses 49) => 445 (Saat 3 
Bee siti so 7) =) 6 636 


Moeerde 140 VECTORS EEING COCMFARELD ARE HOT THE SAME LENGTH, 


= = ea 
) Coa 


Pee etHGiH ERROR’ WILL KESULT, 


MATRIN COMFARTEOH ITS DOME AS FOLLOWS 
SPM OF MPS WILL CHECK THE SCALAR & AGATHST EACH ELEMENT OF 


THE MATRIX 


9 


FOR EXAMPLE? IF M =} { 2 THEN 37M =) 2% 3 AND MIB => 3B 
3 4 3 4 3 4 
M{fP¥2 WILL COMFARE THE MATRIXES Mi AMI MO, ELEMENT EY ELEMENT, 


FOR EXAMPLE? IF Mj =)» {4 2 AND M2 => 3 4 ‘(THEM M{[MD2 => J 4 
3 4 J one 
M{ AND M2 MUST BE THE SAME SHAFE OR A 'LENGTH ERROR’ WILL RESULT, 


TRYING TO COMFARE A VECTOR TO A MATRIX WILL RESULT IN & 'RANK ERROR', 


Geeoee FRIHCIPLES CAH FE EXTEXDBED TO HIGHER LEVEL ARRATS, 


ie 






144 MIHIMUM MINI 


e*#@oeee eee eo eee ee oe ee ee ee eee eee L (O50 t ttt 0 ¢ 1676 6 8 OO 88 4 8 ee 6 8 ee Oe ee ee Ue Ge el Ue he UF 


Memes TM EOL | (UFSHIFT 2) I5 USED FOR THE DPrAbIC MINIMUM FUNCTION, 
THIS RETURNS THE MINIMUM OF ITS TWO ARGUMENTS, WHICH ARE HUMERTC 


QF ANT RONK, 


FOR EXAMFLE$ 312 =) 


r.3 


fl 


Meee eK A SCALAR GGAIHST EACH ELEMENT OF & VECTOR, ENTER SLV OF VLS, 


fog WiLt COMPARE TWO VECTORS ELEMENT EY ELEMENT, FOR EXAMPLE ? 


i! 
ba eal 


4iL¢3 4 5) =) 3 4 4 (3 4 S)LS oe 
Meee SIL(1 3 9)? => 61 4A 8 
IF THE TWO VECTORS BEING COMPARED ARE HOT THE SAME LENGTH, 


Sere litGTh ERROR!’ WILL RESULT, 


MATERIA COMFARISOM I5 PONE AS FOLLOWS? 


eee. Mi) > WILL CHECK THE $c 


pb 
‘ 
D 
ret 
uf 
I 


GATHST EACH ELEMENT OF 


FOR EMAMFLE? IF M =) { 2 THEN JEM => | 2 ANE MLZ => 1 2 


dos 


3 4 a5 Sn 
MiLM2 WILL COHFARE THE MATRIXES M{ ANID M9, ELEMENT Br ELEMENT, 


FOR EXAMPLE’ IF M{ =>) { 2 AND 2 =) 3 4 THEN M{LM2 => {1 2 
3 4 Shad 3-4 


Meee MO MUST BE THE SAME SHAPE OF A 'LEHGTH ERROR! WILL RESULT, 


ae 


meeptitG TO COMPARE A VECTOR TO A MATRIX WILL KESULT IN A 'RANK ERROR', 


Meeeee FRIHCIPLES CAN BE EXTENDED TO HIGHER LEVEL ARRAYS, 
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165 RESIDUE REST 


e494 7 ©6266 6H 64 6H He HH HH | #¢e+¢e¢¢46007464 4444444467446 % 46 6 HH tH H 6 


Beemeo tm Ol | {URFSHIFT M) 15 USED FOR THE DPTrARIC RESIDUE FUNCTION, 
IT TAKES MUMERTIC ARGUMENTS OF ANY RANK, 
Meee oul T OF L{i{® 1S THE REMAINDER WHEM RFR IS DIVIDED Br L, THIS 15 


SIMILAR TO THE ‘MODULO! FUNCTION Ié¢ OTHER COMFUTER LANGUAGES, 


oor EX OMPFLE + 
fa oA =) 024 Lol 4 =) 2 “4110 =) ie 
fmeerortGiH OF THE RESULT IS ALWATS THE SAME AS THE SIGH OF THE LEFT 
ARGUMENT, Peas ents OF shHe ee GUMetis LO HOT AGREE, THE RESULT 
TS OFTAINED ser ADDING THE SMALLER ARGUMENT TO THE LARGER GHE 
feeeemnelti sy URTIL THE ARSOLUTE VALUE OF THE RESULT 15 LESS THAR 


hae RESOLUTE VALUE OF THE SMALLER ARGUMENT, 


WHEN & SCOLAR ARGUMENT IS FAIRED WITH A VECTOR ARGUMENT, THE FUNCTION 
COMEINES THE SCALAR WITH EACH ELEMENT OF THE VECTOR I TURM, 
Meee 325) => Loltotil Gitomome dle wes 0 1 0-3..3 

CORRESPONDING ELEMENTS OF TWO VECTOR ARGUMENTS ARE COMEINED, 

Mme? 2) lil 2 3) =) GO. a1 
Vi AXE V2 MUST HAVE THE SAME HUMBER OF ELEMENTS GR A 'LENGTH ERROR! 


et RESULT, 


WHEN A SCALAR ARGUMENT 25 FAIRELD WITH A MATRIX ARGUMENT, THE FUNCTION 
COMBINES THE SCALAR WITH EACH ELEMENT OF THE MATRIX IN TUR, 
FOR EXAMPLE! IF M =} 9 THEN 31M => { 2 AND MIZ => 


4 
+ 


Ol 
oA ieee 0 3 


CORRESPONDING ELEMENTS OF TWO MATRIX ARGUMENTS GRE COMEINED, 
FOR EMAMFLE! IF M{ =>) 4 2 AND MD =) FZ 4 (THEN M{]M2 =) 29 92 


3 4 4 oes. 


IF M{ AND M2 ARE HOT THE SAME SHAPE, A 'LENGTH ERROR' WILL OCCUF, 


cA 


IF OHE ARGUMENT IS 4 VECTOR WHILE THE OTHER ARGUMENT I5 @ MATRIX, 


es 
fen 
a 








THE RESULT WILL BE A 'RANK ERROR’, 





PRINCIFLES Cee Pee oie te TO HIGHER LEVEL. ARRATS, 
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SRADE_uF GRUF 


ho 
Cr. 
Cre 


MEMES VE FF FoF Foose ee tee rstree B peso soonest esos ttre veer orevseeesens 

Meester OlL &£ (ALT 4) IS USED FOR THE MONADTC GRADE UF FUNCTION, 

IT TAKES A NUMERIC VECTOR SGRGUMENT AND RETURNS & VECTOR OF THE 
THODEXES QF THE ELEMENTS Ih QROUER FROM SMALLEST TO LARGEST, 

Moet Her WORDS, THE FIRST ELEMEHT Ih THE RESFONSE 15 THE INDEX 
Se THE SMALLEST ELEMENT IM THE IMFUT, THE Cast ECEMEHT IH THE 
Seeoeerse I5 THE THDEX GF THE LARGEST ELEMENT IH THE TIHFUT, 


ERUAL VALUES WILL BE GRADED IN ORDER FROM LEFT TO RIGHT, 


FOR EXAMFLE? eae. 40s =} feet 
BECAUSE THE FOURTH ELEMENT OF THE INFUT (3) IS THE SMALLEST, ETC, 
THIS CAN BE USED TO 3S0RT A VECTOR EY COMBINING WITH INDEX ERACKETS! 


IF VY =) 4943 °®\>THEH YEBY] => 34428 


OM THE OTHER HAND, SAV WILL FRODUCE A VECTOR OF THE FOSITION NUMEERS 
(RGHK ORDER) CORRESPONDING TO THE INFUT VECTOR, 
FOR EXGMFLE? bh 4698463 °&«2&) De Nad 


fepm@eee LS THE SECOHD SMALLEST ELEMENT, 98 I5 THE FOURTH SMALLEST, ETC, 
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{47 GRADE DOWn GRAL 


oe cy asp ea ee eres 6 NOUR OO Re Ree ee ee eee 


Meee otMroL £ (GLT 4) 15 USE FOR THE MORNGDIC GRADE DOWM FUNCTION, 

IT TAKES & HUMERIC VECTOR ARGUMENT SHO RETURHS & VECTOR OF THE 
Mee esweo OF TRE ELEMENTS Ji ORDER FROM LARGEST TO SMALLEST, 

Meer Her WORDS, THE FIRST ELEMENT Ih THE RESPONSE IS THE IWHDEX 
Sleegee LARGEST ELEMENT TH THE IHFUT, THe "Least ELEMEHT Lh THE 


Sees e IS THE IHDE? OF THE 


tt 


MoPlEs? ,ECEREHT Lit THE LHPUT . 


Bevel VALUES GILL BE GRADED TH ORDER FROM LEFT TO KIGHT, 


FOR EXAMFLE? goa Oo 6 tee) ees 
BECAUSE THE SECOND ELEMENT OF THE INFUT (9) IS THE LARGEST, ETC, 


feo ceil BE USED TO SORT & VECTOR FT COMBINING WITH IHDEX SRACKETS} 


Pee ¥Y =» 4943 THEN VEPV =) Sead 


ON THE OTHER HAND, PY WILL FRODUCE A VECTOR OF THE FOSITIONH NUMBERS 
(IM REVERSE ORDER) CORRESFONDING TO THE IHNFUT VECTOR, 
FOR EXAMPLE? 74663 =) edie eae 


feeeee 2 1S FHE THIRD LARGEST ELEMENT, 9 IS THE LARGEST, ETC, 
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1463 ROLL ROLL 


7%? FHF HH OHHH HHH HHH HH HH HHH HH 6 Vote Ree ene Oe cere rer cn eae ere era 


THE STMEOL 7 (UFSHIFT @) IS USED FOR THE NOMADIC ROLL FUHCTION, 

THIS IS @ RGHDOM HUMBER GEMERATOR WHICH TAKES FOSITIVE IHTESER 
ARGUMENTS AUD RETURHS @ RANDOMLY SELECTED INTEGER UF TO THE 
VALUE OF THE ARGUMENT, 

THE LOWEST FOSSIEBLE VALUE WHICH CAH BE RETURMED IS NORMALLY (BY 
DEFAULT) 1, 

USING ? WITH NEGATIVE ARGUMENTS OR ZERO FRODUCES A ‘DOMAIN ERROR! , 


FOR EXA@MFLE$ 3 =) EITHER 4, 2, OR 3, WITH EQUAL FROESGEILITY 


ro 


WHEH USED WITH VECTORS, ROLL RETURHS A VECTOR WITH EACH HUMEER 
Secret RAHDTOML?Y FROM THE RAHGE DETER MIHIHED E&Y THE CORRESFONHRING 
VALUE IH THE ARGUMENT, 

FOR: nAMPLE? 
ees =) 112 OF 1337 OR 332 OF 243 ETC, 


fees sltMULATES THE FROLLIHG OF A FAIR OF DICE, 


Meee CrAtl FE USER WITH HATRIXES OR HIGHER LEVEL ARRAYS IH A SIMILAR 


FASHIOH, 





169 DEAL DEAL 


BE yee ee tte ete eee eee ee F ¢e¢¢ ¢¢ 446 © 6 $$$ 6 © 6H $6 FF FHF HH HH 


Pees tI MEOL FF (UFSHIFT &) IS USED FOR THE DrYrARiIece DEAL FUNCTION, 
THE RESULT GF THIS FUNCTION IS AH ARRAY OF RANDOM MUMBERS, 
Tee oHArFE OF THE ARRAY I5 DETERMINED BY THE LEFT ARGUMENT, 
THE HUMBERS ARE RANDOMLY SELECTED FROM THE FOSITIVE INTEGERS 
WF TO THE VE&LUE OF THE RIGHT ARGUMENT, WITH NO REPLACEMENT, 
THAT IS, A HUMBER CAHHOT AFFPESR TWICE IN THE FESULT, 
See ee OUMEMTS MUST BFE A FOSITIVE SINGLE HUMBER (SCALAR OCF VECTOR 
See eGiH ty, AL THE RIGHT MUST EQUAL OF EXCEED THE LEFT, 
USItG HIGHER -OQRDER ARGUMENTS FROLDUCES A 'RANK ERROR! | 


Meee HEGATIVE ARGUMEHTS OF ZERO FRODUCES G& 'SOMAIN ERROR'!, 


FOR EXAMFLE! re es lee OF aa BOT toy 2 ORS) yt 


#59 SIMULATES THE DESL OF A HAND OF CARDS, 


cr 
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139 EQUAL EQUA 


METTTS ST OF CCCP EE HERE HEHE CCHF EF ee —~ FEHR HHHFEHFHH HHT HEH HHH HOR EH HH HHT E HHO? 


eet Ol = (UFSHIFT 5) IS USED FOR THE DTADIC EQUALS FUNCTION, 

THIS COMFARES HUMERIC OF CHSRACTER ARGUMENTS OF ANT FAK, 

mere rURiHS |] FOR EACH ELEMENT OF THE LEFT ARGUMENT THAT IS IREHWTICAL 
TO THE CORRESFOHOUING ELEMENT OF THE RIGHT ARGUMENT, AMD O FOR 
EACH ELEMENHT THAT £5 HOT, 


FOR EXAMFLEt 2=2 =3 } 0 (At=ath! =) 0 


e+ 

ro 
Hl 

+> 
il 


TQ COWMFARE G&G SCSLARF TO EACH ELEMEHT OF & VECTOR, 


ENTER EITHER S=V¥ OR V=S, 


2=(2 3 4) = 100 (3 4 5)=3 7 O04 
V{sV¥2 WILL COMFARE TWO VECTORS ELEMENT EY ELEMENT, FOR EXAMFLES 
'THINK'='THANK' =>) {1 O41 


feeere TWO VECTORS BEING COMPARED ARE MUTT THE SAME LENGTH, 


Sew TLL GET & 'LEHGTH ERROR! , 


MATRIX COMFGRISON IS DONE AS FOLLOWS! 
S=M OF M=S WILL COMFARE THE SCALAR S TO EACH ELEMENT OF THE MATRIX M, 
FOR EXAMPLE? IF © =) { 2 THEN Z3=M =) 9 O ANT M=Z =3 00 

3 4 130 ae 
M{=M2 WILL COMPARE THE MATRIX M{ TO THE MATRIX MO, ELEMENT EY ELEMENT, 
FOR EXAMFLE$ IF { =} HOW AND M2 =) OOH THEN Mj{=49 =) O 1 0 

HOW wow Gade 

Mi @HD M2 MUST BE THE SAME SHAPE OF A 'LENGTH ERROR! WILL RESULT, 


COMPARING A VECTOR TO A MATRIX WILL RESULT IN A 'RAHK ERROR! , 


Meee PRINCIPLES CAN BE EXTENDED TO HIGHER LEVEL ARRAYS, 








HOT EQUAL HOTE 


ps 
co 
peek 


tes igs ce tele ae) FOF Fe ETE EO OEE HOO HOHE OOOH HOS 


meses tMeOlL # (URPSHIFT §) I15 USED FOR THE Traric HOT EQUAL FUNCTION, 

THIS COMFARES UUMERIC OF CHARACTER ARGUMENTS OF ANT RAK, 

[ere trURWS | FOR fFACH ELEMEHT OF TFHE LEFT ARGUMENT THAT IS HOT EQUAL 
TO THE CORRESFOHRTHG ELEMENT OF THE RIGHT ARGUMENT, Atl gO FOR 


Been ELEMEWT THAT I5, 


FOR EXAMFLE*? 949 =) 9 944 =) 1 (Algt EB! =) i 
TO COMFARE & SCALAR TO EACH ELEMENT OF A VECTOR, 
ENTER EITHER S#V OR Y#S, 
ete 34) => O11 (Saqeaveas =o. 1-1 0 
Vi4¥2 WILL COMFGRE TWO VECTORS ELEMENT EY ELEMEHT, FOR EXAMPLE? 
('THIMK'#'THAHK' => 6 0100 
IF THE TWO VECTORS BEEING COMPARED ARE «OT THE SAME LENGTH, . 


mOMSHILL GET A 'LEHGTH ERROFR', 


MATRIM COMPARISON IS LONE AS FOLLOWS: 
SéM OR M2#S WILL COMFGRFE THE SCALAR 3 TO EACH ELEMENT OF THE MATRIX M, 
FOR EMAMFLE$ IF “ =) 4 2 THEM 34M => | 1 AND MAB =) 1 
3 4 01 0 1 
M{2#M2 WILL COMFARE THE MATRIX M{ TO THE NATRIX M9, ELEMENT Br ELEMENT, 
FOR EXAMPLE! IF M{ =>) HOW AH MD =) QOH THEH Mi#M2 =) 46 I 
HOw WOW 100 
Mj AND M2 MUST BE THE SAME SHAFE OF A 'LENGTH ERROR' WILL RESULT, 


COMFARTHG A VECTOR TO A MATRIX WILL RESULT IH A 'RAUK ERROR', 


eee rRItCIFLES CAH BE EXTEHRED TO HIGHER LEVEL ARRATS, 





ut 
itt 


182 LESS THAI Le 


MEG GV DCC CEPR e eee rere © Feet ee eee eee eee rE EHH DHE E HEE DRE ODES 
Seemestmrot ¢ (UPSHIF?T 3) 15 USED FOR THE DYADIC LESS THAH FUNCTION, 
THIS COMFARES HUMERTC ARGUMENTS OF ANT RALK, 
Meee > | FOR EACH ELEMENT OF THE LEFT ARGUMEHT THAT IS LESS 

THAH THE CORRESFOHDIHG ELEMENT OF THE RIGHT ARGUHENT, AND QO FOR 


- 


Been ELEMEMT THAT I5 HOT, 


TO COMFARE A SCALAR TO EACH ELEMENT OF A VECTOR, 
ENTER EITHER S¢V OR ¥¢S, ORDER I5 IMPORTANT, 
oe 2 3) =? OO] (Orde =) 4 1 0 

Vi¢V2 WILL COMFARE TWO VECTORS ELEMENT BY ELEMENT, FOR EXANMFLE! 
Mme oviti 5 5) => Oil 

IF THE T4YO VECTORS BEING COMPARED ARE MOT THE SAME LENGTH, 


fees tlt GET & 'LEHGTH ERROR', 


MATRIM COMPSRISGH IS DOME AS FOLLOWS! 
S¢M OR M¢S WILL COMFSRE THE SCALAR $ TO EACH ELEMENT OF THE MATRIX M, 
FOR EXAMPLE! TF M =) 41 9 THEM 3M => OF QO AND MtZ =) Gi 
3 4 6 1 0 9 
M{¢M2 WILL COMPARE THE MATRIM M{ TO THE MATRIX M2, ELEMENT BY ELEMENT, 
FOR EXAMPLE! IF M{ =>) 1 4 AHD MD =) 2 THEN Mi¢(M2 =) 4 i 
4 7 og see 
M1 GHD M2 MUST BE THE SAME SHAFE OR A 'LEHGTH ERROR' WILL RESULT, 


COMFARTIUG A VECTOR TO & MATRIX WILL RESULT TH A 'RAHK ERROR', 


THESE FRINCIFPLES CAH BE EXTENDED TO HIGHER LEVEL ARRATS, 


— 
ro 
C+] 





133 LESS_OR_EQUAL LTEQ 


eS Ey SES SS SER Se a IRIN Career sure cur Sue ec mre er gr rr 


meeeesotMEOL ¢ (URFSHIFT §) IS USED FOR THE oranbte LESS THAH OR EQUAL TO 
merc) Lor, THIS COMPARES MUMERIC ARGUMEHTS OF ANT REHK, 

mere; URWS | FOR EACH ELEMENT OF THE LEFT ARGUMENRT THAT IS LESS THAR 
OR EQUAL TO THE CORRESFONDING ELEMENT OF THE FIGHT ARGUMENT, itd 


() FOR EACH ELEMENT THAT IS HOT, 


FOR EX@MFLE* 749 =) j Aa SS i 


t.3 
|[~ 
| 
3 
Hi 
oe 
oo 


TO COMFARE & SCALAR TO EACH ELEMENT OF A VECTOR, 
ENTER EITHER S<V OR V(S, ORDER IS IMPORTANT, 

meee s) => O43 i Couques eens. = 25° Ld 

WILL COMPARE TWO VECTORS ELEMENT EY ELEMENT, FOR EXAMFLE! 
Mame. ti $5) = Lili 

IF THE TWO VECTORS BEING COMPARED ARE NOT THE SAME LENGTH, 


Tew ILL GET A 'LEHWSTH ERROR', 


MATRIN COMPARTSOW IS DOME AS FOLLOWS! 


1fé 


Peewee. SiS WILL COMPARE THE SCALAR S TO EACH ELEMENT OF THE MATRIX WM, 


FOR EXAMFLE! IF M =>) {7 2 THEN 34M 


tt 
—- 


Heg. AooMes =) ff 
3 4 i Lo) 

M{{M2 WILL COMPARE THE MATRIX M{ TG THE MATRIM M9, ELEMEHT BY ELEMENT, 
FOR EXAMFLE$ IF M4 =) { 3 AND W2 =) 9 THEN M{U(M? =) Yj 
47 Goud 1 0 

M{ AND M2 MUST EE THE SAME SHAFE OF @ 'LENGTH ERROR! WILL RESULT, 


COMFPARTHG & VECTOR TO @A MATRIX WILL RESULT IH A 'RAHK ERROR', 


Peer PRINCIFLES CAN BE EXTENDED TO HIGHER LEVEL ARRATS, 


124 






oe 
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GREATER COR EQUAL 


nis gp apie hat 2 Fe ee et ee eee meee ee eee 


THE SYMBOL > (UFSHIFT 6) IS USED 


me PUNCTION, THIS COMFARES 


IT RETURNS j{ FOR EACH 


THAH OR EQUAL TC THE 


Bro O FOR EACH ELEMENT THAT I5 


FOR EXMGHFLES 239 =) 


[moe OMrerFE A SCALAR TO EACH ELEMENT OF 


ENTER EITHER S)V OR V3S, 


x 
sa 


(~- 


t.3 


C1 Se st 11 30 (3 
Sev WILL COMPARE 


(i 


me 'HE 


i109 


COMPARED 


=a 


peeve {1 3 5) 
Tw 


SeVYECTORS BETHG 


TOU WILL GET & 'LENGTH ERROQE', 


MOaTRIX COMPGRISON Te DONE As 


S?M OR HPS WILL COMPARE THE SCALAR 


FOR EXGMFLEt IF M =» { 9 THEW 3M 


3 4 
COMFARE THE MATRIX 


MiiHO WILL M{ TO 


a 
ma 
rm 
DD 
x 
“a” 


Et IF M{ =) {1 4 AnD MD 


47 


SAME SHAFE OF 


— 


me aeo MO MUST BE THE 


COMPARING A VECTOR TO A MATRIX WILL 


Meier FRIHCIFLES CAW BE EXTENDER TO 


FOR THE DYADIC GREATER THA 
HWUMERIC QkRGUMERTS OF AHT 
ELENXMENT OF THE 


CORRESFOHDIING 


OELER IS 


TWO VECTORS ELEMENT ET 


ar & 


=e 


OR EQUAL 
RAM K , 
GREGUMENT THST IS GREATER 


LSrT 


EPeEMeiii Or TRE RIGHT ARGUMEHT , 


ole 


Cee non, 


IMFORTOMT, 


Segoe =e 4) Oe | 


ELEMENT, FOR EXAMFLE? 


HOT THE SAME LENGTH, 


FOLLOWS: 


TO CPACH SE SEAEHT GF THE MATERIA MM, 


AHI MYZ =) 0 0 
id 


ELEMENT BY 


deed 


eg 


THE MATRIX BEEMEH® 


e 


Mos 
THEN 00 


3 a 
RESULT, 


M12M2 


- 


ch 


A 'LEHGIH ERROR! WILL 


RESULT IH A 'RAHK ERROR! , 


HIGHER LEVEL ARRATS, 


FO 
cl 






eet 
On 
ey 


+e e+e* tee ec eoe oo eereeee hee ee ; 


is USEL 


THE SYMEOL » (UFSHIFT 7} 


mee TrioHt, THIS COMPARES 


Meee TURES | FOR EACH ELEMENT OF THE 


THAW THE CORRESPONDING 
EACH ELEMENT THAT IS ROT, 
FOF EXGMFLE* 999 =)» O 432 =) 


TO COMFARE & SCALAR TO EACH ELEMENT 
ENTER EITHER 5)V¥ OR V)S, GRDER 
meee ec 3) =? 100 (3 4 


V{,V¥2 WILL COMFARE Twa 


0 0 0 


COMP ARET: 


me 


Petre TWO VECTORS 


21) i Sd) 


REDTHG 


GREATER _THAH 


HMUMERIC ARGUMENTS OF AT 


ELEMENT OF THE RIGHT ARGUMENT, 


VECTORS ELEMERT &1 


ARE 


GREA 


#6 @4#46¢06¢ 4 t+ FH 4TH HHH HE HHH HEH HH HH HS 


FOR THE DPYAGIC GREATER THAR 


RAK , 
LEFT ARGUMENT THAT IS GREATER 


AND O FOR 


OF A VECTOR, 


IS IMPORTANT, 


OF Ur? 


ELEMENT, 


dg) tg =)? 


FOR EXSMPLEE? 


HOT THE SAME LENGTH, 


YOU WILL GET A 'LENGTH ERROR', 
WMATSIMN COMPARISON IS DOHWE 4S FOLLOWS! 
S>M OR M)S WILL COMFASRE THE SCALAR S TO EACH ELEMENT OF THE MATRIX M, 
FOR EXGMFLE$ IF M =) { 2 THEN 3>M => Y{ { AND M>3Z =) OO 
3 4 9 0 0 1 
M{>MO WILL COMFARE THE MATRIX M{ TO THE MATRIX M2, ELEMENT BY ELEMENT, 
BemeexeMPLE; IF Mj => { 4 AND MD => 2 § THEN M{>M?2 => QO OQ 
4 7 1g ek 
MY GMD MD MUST BE THE S@&ME SHAFE OF A 'LENGTH ERRORS WILL RESULT, 


COMFARTIHG A VECTOR TO A MATRIX WILL 


Meee RIHCIFLES CAN RE EXTENDED TO 


RESULT TRH A 'RAHK ERROR! , 


HIGHER LEVEL ARRAYS, 






i9l HOT HOT 


DCTS TS CCR CCE EEE CHEER HEE Ot XM FEE HEHEHE EHH HTH HERE HEH OHH HED OS 


THE STMEOL w (UFSHIFT T) IS USED FOR THE MONADIC MOT FUNCTION, 
IT TAKES AW ARGUMENT OF ANY RANK WHICH CONSISTS ONLT OF 33'S GHEE gis, 
Steere tURHS THE LOGICAL INVERSE, THAT IS, 1'S ARE CHANGED TO O'S 


ob 


AHD O'S GRE CHARGED TO 41'S, 


FOR EXAMFLE? wi 06 it =} Uaioe ite O 


ay 





192 ANT Ain 


A 


e>*@e¢ @ te eee eee eee ee ee etre ee ee et t *#¢e¢¢ + @¢ @€ © ¢ 6 ¢ HF © HH FH Ho 6 eee oF HH HD 


fee osMEBOL A (UFSHIFT ¢g) IS USED FOR THE DYADIC ANE FUNCTION, 

IT TAKES ARGUMENTS OF ANT REAMHK WHICH CUHNSIST QHLYT OF {'S AND go's, 
THIS FUHCTION RETURNS {| WHERE BOTH ARGUMENTS ARE J, AME Q OTHERWISE, 
THE CRIDER OF THE ARGUMENTS ITS HOT IMFORTAHT, BUT ENTERING GAH ARGUMENT 


Beem 15 HOT 7 Or 8 WILL FROBDUCE A 'TOMAIH ERROR', 


FOR EXSMFLEt Jaq =) j 1A0 


il 
Cc 
= 

> 
oS 

li 
tye 
oS 


TO COMKFARE & SCALAR TO EACH ELEHENT OF AN ARRAT, 
ENTER EITHER SAG OR AAS, FOR EXAMFLE, IF VV =) eo 
LACK) =) 0 (YV=2) a ¥CL]=2 =} 2 0 9 

AYAG? WILL COMPARE TWO ARRATS ELEMENT ET ELEMENT, FOR EMAMFLES 
Mme) & (V¢t2) =>6hUGUO ll 


Beem) => 1 4) AND MD 5) 


-— 


j THEM M{TAMD =) 


= 


Par 
co 
So 
ao oS 


1 9 


Aj stil ASQ MUST BFE THE SAME SHAFE OF A 'LEHGTH ERROR' WILL RESULT, 
COMFARING TWO ARRGATS OF DIFFEREWT RAWK, FOR EXAMPLE A VECTOR ANDI A 


MATRIG, WILL RESULT TH A 'RAMNK ERROR', 






193 Harte MAME 


AS IASI FSi eer yO, Ur Uru Suey rr alr Gr Sur ur Sr SG SS aS 
THE STMHEOL « (ALT Q) IS USED FOR THE DYADIC NOT AND FUNCTION, 
IT TAKES GRGUMENTS OF ANT RGMHK WHICH COHSIST GNLYT OF {'S AND O's, 
THIS FUNCTION RETURHS { WHERE OHE OF HEITHER OF THE ARGUMENTS ARE {, 
AND Q OTHERWISE (WHERE BOTH ARE 1), 
THE ORDER OF THE ARGUMENTS IS HOT IMPORTANT, BUT ENTERING AH ARGUMENT 


Seeeeir tS UOT | Ch Oo WILL FRODPUCE A 'ROMAIH ERROR! , 


FOR EXAMFLE$ dat =) QO 140 =) ‘| OaQ0 5) 1 
TO COMFGRE A SCALAR TO EACH ELEMENT OF AN ARRAT, 

ENTER SITHER Sa#A OR Gas, FOR EXAMPLE, IF VY =) 2 73 0 

aC X¥) =) oo (V=2) 4 YC1I=2 => Vie es 


AjaAAD WILL COMFARE TWO ARRATS ELEMENT Er ELEMENT, FOR EXOMFLE } 


Meo) * (Yt?) => {1 9g 
Meeeewi =) 1 0 AND M2 =) 1 I THEW Mi{AM2 => QO 1 
i 0 0 0 a 


Cee mo? MUST PE THE SAME SHAFE OR A 'LENGTH ERROR’ WILL RESULT, 
COMPARTIHG TWO ARRATS OF DIFFERENT RAHK, FOR EXAMPLE & VECTOR ANT A 


MATRIX, WILL RESULT IH @® 'RAHK ERROR', 





194 OF OF: 


Me ee Peete ee eee ee eeroneresveseses VY ee eet eeeeeeeeeeeveoereeeeeeeveeeees 


eesti MEOL y (UFSHIFT 9) 15 USED FOR THE DTADTC OF FUNCTION, 

IT TAKES ARGUHENTS OF ANT RAMK WHICH CONSIST OMLYT OF [tS ANE O's, 
THIS FUNCTION RETURNS 4 WHERE ONE OR EDTH ARGUMENTS ARE j, 

AND QO OTHERWISE (WHERE SOTH ARE Q), 
THE ORDER OF THE ARGUMENTS IS HOT IMFORTANT, EUT ENTERING AN ARGUMENT 


WHICH IS HOT 4 GR g YILL FRODUCE A 'DOMATMN ERROR ' , 


i) 
—- 


FOR EXAMPLE? ivi =} i ivd v0 6) 


i 
og 
p> 


TO COMPARE & SCALAR TO EACH ELEMENT OF AN ARRAT, 
ENTER EITHER SyA OR AvyS, FOR EXAMFLE, IF V =) DE 5G 
ee a= 6 =) Le 


AjvAD WILL COMPARE TWO ARRATS ELEMENT EY ELEMENT, FOR EnANMPLE ¢ 


ioe XY ) => : 


- 
rs 


meee) 7 (YC2) 6 6ShLhUhECU 1 


IF Mj =} 10 AND M2? => 1 I THEM MiyKD => 


Jee 


oO re 


1 0 0 9 i 


Soeeeec A? MUST FE THE SAME SHAFE OF A 'LENGTH ERROR' WILL RESULT, 
COMPARING TWO ARRATS OF DIFFERENT RGONK, FOR EXAMFLE A VECTOR AND A 


Bemis y WILL RESULT IN A 'RANK ERROR’, 





19% HOR HOR 


MICS S 66 6 8408469006448 4 8444648 MH Cee ese eH HH HORE OHHH HHH OHH 


THE STMEOL y (ALT 9) IS USED FOR THE DYADIC NOR FUNCTION, 
IT TAKES ARGUMENTS OF ANT RANK WHICH CONSIST ONLY OF 4{'S AND O'S, 
THIS FUNCTION RETURNS { WHERE NEITHER OF THE ARGUMENTS ARE j, 
AND QO OTHERWISE, 
THE ORDER OF THE ARGUMENTS IS NOT IMFORTGHT, BUT ENTERING GH ARGUMENT 


Semel lS HOT | GF Of WILL FRODUCE A 'DOMAIN ERROR' , 


FOR EXSMFLES jy} 


It 
uo 
Oo 
FT 
a 
~~. 


iv0 => 0 v0 


TO COMFARE & SCALAR TO EACH ELEMENT OF AW ARRAT, 


ENTER EITHER SwA OR Aye FOR EXAMPLE, IF V = > 3 9 


by KY) =) 0 0 0 (Y=2) ¥ YCij=3 =) O11 
AjvA2 WILL COMFARE TWO ARFATS ELEMENT ET ELEMENT, FOR EXAMFLE! 
Mees? © (Yt2) =e 60 CO CO 


IF M4 =) ) AnD WO => 1 j THEM MiyK2 => OO 


= 


1 0 0 0 0 1 


feet AO MUST FE THE SAME SHAFE Of A ‘LENGTH ERROR' WILL RESULT, 
COMPARING TWO ARRATS OF DIFFERENT RANK, FOR EXAQMFLE A VECTOR AND A 


MATRIX, WILL RESULT IN A 'RONK ERROR! , 






19% MEMBER OF NEM E 


MNS P CPPS PTC EE HEHEHE HEHEHE RHE FC CHF HHH HEHEHE HHH HHH HERE E EHS 

SeemeotMROL «¢ (UFSHIFT <2) £5 USED FOR THE ETAbIC MEMBER OF FUNCTION, 

THIS COMFARES HUMERIC ORF CHARACTER ARGUMENTS OF ANT RAWK, 

Meee tURHS | FOR EACH ELEMENT OF THE LEFT ARGUMEHT THAT IS FOUND 
Seer@HERE TH THE RIGHT ARGUMENT, AHD G FOR EVERT ELEMENT 


THAT I5 HOT, 


See rHOU SCHLAR ARGUMENTS, ¢ 15 EQUIVALEHT TO = , 


Cc 


FOR EXAMFLE' 369 =) jf 9¢4 =) 0 ‘At, IEt =) 


TO DETERMINE IF A SCALAR IS A&A MEMFER OF AH ARRAT, ENTER 


wi 
mw 
Lb 


¢ 


Bete 3 4) => 1 AT Zt ARCS =) 4 


Maumee ttG eS WILL FRODUCE THE SAME RESULT AS A=S, 


Aj~ecAD WILL TAKE EACH ELEWMEHT OF THE LEFT ARRAY AMD DETERMINE IF 


feels COHTAINHED Il THE RIGHT ARRAT, 


FOR EXAMPLE) 'VHICH £'¢'0125456789 } =U OOOO: 1] 
a A) =) het 4 AD A2 =) 2.3 
Some. 2 
THEM A{<.A2 =) LOO ANT aroen =) Le 
Oat 


THE RESULT OF A{¢A? HAS THE SAME SHAFE AS Aj, 





Ea REYERSE REV? 


RE sys hee ete ee eececee 8 Cee mer ett 6 10768 026) 0 0 6) 6 107 8766 50) 00 80 te Oe Fee 8 


THE STMEOL @ (ALT 5) IS USED FOR THE MOMADIC REVERSE FUNCTION, 
IT TAKES HUMERIC OR CHARACTER ARGUMENTS OF ANT RANK, 
IT RETURHS GALL THE ELEMENTS OF THE ARGUMENT IN THE SAME SHAFE, 


EUT IH A DIFFERENT ORDER, AS FOLLOWS, 


USING ® WITH A SCALAR SIMPLY RETURNS THE SCALAR, 


Seett> f WITH A VECTOR RETURHS THE VECTOR IH REVERSE ORDER, 


FOR EXAMFLE? $235 =) Base 


b'SsTor! =) FOTS 


WHE USED WITH A MATRIX, 0 TAKES THE COLUMHS AS UHITS AND REVERSES 


THEM, 9HE FIRST COCUMH BECOMES THE LAST COLUMN, AHD SO On, 


mee EXAMFLE, IF M =) 1 2 3 Taek pM => ee Ee 
45 4 654 
785 ee 


Seo ehos REFER TO THIS AS WORKING 'ACROSS!' OR 'OVER' THE COLUMNS, 
SINCE COLUMNS ARE THE SECOND OF TWO DIMENSIONS OF A MATRIX, 
fees MESHS THAT THE STMEQL © WORKS ‘OVER' THE LAST DIMENSION, 
Gemeeevernoe OVER THE FIRST DIMENSION (£E,6, KOWS OF A MATRIX), USE THE 


STMBOL 9 (ALT 7), IH FLACE OF ¢, 


THIS IS IMFORTANT WHEN WORKING WITH HIGHER-DIMENSIONAL ARRATS, 
FOR EXAMPLE, IM A THREE-DIMENSIOMAL ARRAY OF FAGES, ROWS, ANT 
COLUMNS, ® WILL REVERSE OVER THE COLUMHS, @ OVER THE FAGES, 

TO REVERSE OVER ONY DIMENSION, TOU MAT SPECIFY THE DIMENSION IN 
BRACKETS FOLLOWING THE o (OR THE @) SYMEOQL, 

FOR EXAMFLE, TO REVERSE OVER THE ROWS CF A THREE-DIMENSIONAL ARRAT 
CALLED AA, ENTER Of 274A OR @[9]AA, TO REVERSE OVER THE FAGES, 
ENTER @AA OR p£1JAA, TO REVERSE OVER THE COLUMNS, ENTER gAA 


OR ef 3 JAA, 
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REVERSE REY 4 


bo 
oS 
r.2 


ET s 6 6 5 664400646004 4H0F HH F444 FB eevee esesrerr ese eoeese ee Heese ereeeneeneeee 


THE STMEBOL 9 (ALT 7) IS USED FOR THE MOHADIC REVERSE FUNCTION, 
IT TAKES HUMERIC OR CHARACTER ARGUMENTS OF ANT RANK, 

IT RETURHS ALL THE ELEMENTS OF THE ARGUMENT IN THE SAME SHAFE, 
BUT IN A DIFFERENT ORDER, AS FOLLOWS, 


WSTHG @ WITH A SCALAR =2IMFLYT RETURNS THE SCALAR 


+ 


USING 9 WITH A VECTOR RETURHS THE VECTOR IH REVERSE ORDER, 
FOR EXAMFLE? Bos - G5 S32 
Q@'STOF! =) FOTS 


WHEH USED WITH & MATRIX, 9 TAKES THE ROWS AS UHITS AND REVERSES 


THE, THE FIRST ROW BECCMES THE LAST ROW, AND SO OH, 


Ber EXSMPLE, IF M =} eee cs THER am => 7 8 9 
45 6 45 6 
7389 Lag 
Bre USeRs REFER TO THIS 


AS WORKING ‘ACROSS! OR 'OVER' THE ROWS, 
SIHCE ROWS ARE THE FIRST OF TWO DIMENSIONS OF O& MATRIX, 
THIS MEANS THAT THE SYMBOL 9g WORKS 'OVER' THE FIRST DIMENSION, 
TO REVERSE OVER THE LAST DIMENSION (£,G, COLUMHS OF A MATRIX), 


USE THE SYMBOL 6 (ALT 5), IN FLACE OF @, 


THIS IS IMPORTANT WHEN WORKIHG WITH HIGHER-DIMENSIOHAL GARRATS, 
FOR EXAMFLE, IN A THREE-DIMENSIOWAL ARRAY OF FAGES, ROWS, AND 
COLUMHS, ® WILL REVERSE OVER THE COLUMHS, 9 OVER THE FAGES, 

(TO REVERSE OVER ANT DIMENSION, YOU MAY SPECIFY THE DIMENSION IN 
BRACKETS FOLLOWING THE 9 (CR THE ®) STMEOL, 

FOR EXAMPLE, TO REVERSE GVER THE ROWS OF A THREE-DIMNEHSIONAL ARRAT 
CALLED GA, ENTER a[2}6A OF OC2]A8A, TO REVERSE OVER THE FAGES, 
ENTER @AA OR O[1JAA, TO REVERSE OVER THE COLUMHS, ENTER gaa 


OR eL3ZIAA, 
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ROTATE ROT? 


r3 
Co 
Od 


I TNT ig se ks visitas bis) 8 Fh a ee ee Oe eNO Hee OO 


Mees i MEOL f (ALY 5) 15 USED FOR THE DPYADIC ROTATE FUHCTION, 
THE FIGHT ARGUMENT CAH EE CHARACTER OF HUMERIC, OF AKT RAK, 
THE LEFT ARGUMEHT MUST EE ANH TIHTEGER SCALAR OR ARRAT, 
IT RETURMS ALL THE ELEMEHTS OF THE RIGHT ARGUMENT IH THE SGME SHAFE, 


RUT Ih & DIFFERENT ORDER, &@S FOLLOWS, 


USING @ WITH TWO SCALAR ARGUMENTS SIMPLY RETURNS THE RIGHT ARGUMENT, 


& VECTOR RIGHT ARGUMENT REQUIRES A SCALAR LEFT ARGUMEHT, 


[eee LEMEHY OF THE RIGHT GRGUMERT IS MOVED FO THE LEFT &1 THE HUMBER 


OF FLACES THOICATED ITH THE LEFT ARGUMENT, 


so 


FOR EXAMFLE$ 399 3 5 Ea) Zo'ROTATE' =) ATEROT 
WHEN USED WITH A MATRIMN, $ TAKES EITHER & SCALAR LEFT ARGUMENT OF A 
VECTOR WITH AS MANY ELEMENTS AS THERE ARE ROWS IH THE MATRIX, 
SPM TAKES THE COLUMNS AS UHITS AND MOVES EACH COLUMH TO THE LEFT BY 


THE HUMBER OF SFACES IMDICATED BY THE SCALAR, 


FOR E€XAMFLE? IF M => {2 3 THEN 29M => Beles 
4 3 6 6495 
72307 oor 3 


VpM TAKES EACH FOW INDIVIDUALLY AMD MOVES THE ELEMENTS TO THE LEFT &r 
Mme HUMBER OF SFACES IHDICATEN BY TFHE CORRESFOHDING ELEMENT OF THE 


LEFT ARGUMENT, FOR EXAMPLE? 


7 3 10M =) a THE FIRST ROW IS MOVED 2 SFACES LEFT 
AS & THE SECOND RGW IS ROTATED J SPACES 
897 THE THIRD ROW IS ROTATED ONCE 


EACH ELEMENT IS TH THE SAME FOW BUT A DIFFERENT COLUMMH, SO APL 
Meeerm> BEFER TO THIS AS WORKING ‘ACROSS’ OR ‘OVER THE COLUMNS, 
STIHCE COLUMHS ARE THE SECOND OF TWO DIMENSIONS OF A MATRIX, 
THIS MEANS THAT THE SYMEOL g@ WORKS 'OVER' THE LAST DIMENSION, 


TO ROTATE OVER THE FIRST DIMENHSTOH (FE,G, ROWS OF A MATRIX), USE THE 


es 
tA 
cn 





SYMBOL go (ALT 7), IN 


IS IMPORTANT WHEN 


THIS 


FOR EXAHFLE, IH A 


COLURHS, $ WILL 


TGQ ROTATE OVER ANT DIMENSION, 


BRACKETS FOLLOWING THE 9 (OF 


Mee LEFT GRGUMENHT MUST HOVE THE 


Beet ep itic THE DIMENHSTONM EEITNG 


mer GxAMFLE, TO ROTATE OVER THE 


CALLED Ga WHERE FAA =)» D GF 


‘ltt 


WHERE ¢M =) 2 4, TO ROTATE 


OR SPCL]AA OR HHL LAA WHERE pM =) G3 


COLUMNS, ENTER SPAA OF MOAA 


THREE-~DIMENHSTIONAL ARRAT 
ROTATE OVER THE COLUMHS, 


TOU WAT 


Sy 


GVER THE 


OF: 


FLACE OF 6, 


WORKING WITH HIGHER-DIMEMSIOHAL ARRATS, 


OF FAGES, ROWS, AND 


SEeUver THE FPAGES , 
Sree Peete Oi Mens tory iit 
THE &) SYTMEOL, 

SAME CHAFEE AS THE RIGHT ARGUMENT 


MAT E A 


rit 


ROTATED OVER, OR IT SCALE , 


ROWS OF A THREE-DIMENSTIONAL ARRAT 


ENTER EITHER SOT2JAA OF MO[DIAA 


FACES, ENTER SehA OR HOGA 


ra Terr OtAt Ee OVEn. Fie 


Sa(3jJAA OR Ne[Z]AA WHERE pH => 2 3, 


OG 





204 ROTATE ROT 4 


Bess estes settee ester ese eters GB sere ee ere reeter ee eeeeeeeeeeeeeeereer 
Meese OL @ (ALT 7) 15 USED FOR THE DYrAnIC ROTATE FUNCTION, 

THE RIGHT ARGUMENT CAH BE CHARACTER OR HUMERIC, OF AHT FAK, 

THE LEFT ARGUMENT MUST FE AM IMTEGER SCA&LSR OR ARRAT, 
foeee TURNS ALL THE ELEMENTS OF THE RIGHT SRGUMEHT IH THE SAME SHAFE, 


EUT Tt & DIFFERENT ORDER, AS FOLLOWS, 


WSTHG g9 WITH TWO SCALAR ARGUMENTS SIMFLYT RETURNS THE RIGHT ARGUMENT, 


B® VECTOR RIGHT GRGUMENT REQUIRES A SCALAR LEFT ARGUMENT, 

EACH ELEMENT GF THE RIGHT ARGUMENT IS MOVED TO THE LEFT FY THE NUMBER 
OF FLACES INDICATED IN THE LEFT ARGUMENT, 

FOR EXAHFLE! 97 3 § =) Sj Je'ROTATE' =) ATEROT 

WHEM USED WITH & MATRIX, @ TAKES EITHER A SCALAR LEFT ARGUMENT OF A 


Peeroh WITH AS WANT ELEMEHTS AS THERE ARE COLUMNS IN THE MATRIX, 


SoM TAKES THE ROWS AS UNITS AND WOVES EACH ROW UF BY THE NUMBER 
SFACES INDICATED EY THE SCALAR, 
FOR EXAMFLEt IF M =) j 2 3 THEN 26M =) 7 a9 
435 6 tee 3 
oo 43 6 


VOM TAKES EACH COLUMH INDIVIDUALLT AND MOVES THE ELEMENTS UF &T 
THE NUMBER GF SPACES IHDICATED Br THE CORRESPONDING ELEMENT OF THE 


LEFT ARGUMENT, FOR EXAMFLE! 


Bo3 13M =) pete THE FIRST COLUMN IS MOVED 2 SPACES UF 
15 9 THE SECOND COLUMH IS ROTATED 3% SPACES 
as THE THIRD COLUMN IS ROTATED ONCE 


EACH ELEMEMT IS iN THE SAME COLUMH BUT A DIFFERENT FOW, SO AFL 
USERS REFER TO THIS AS WORKING 'ACROSS' OR ‘OVER! THE ROWS, 
SIHCE ROWS ARE THE FIRST OF TWO BIMENHSIONS OF A MATRIX, 
THIS MESHS THAT THE STMEOL go WORKS 'OVER' THE FIRST DIMENSION, 


TO ROTATE OVER THE LAST DIMENSION (£,G6, COLUMNS OF A MATRIX), USE THE 





a se. 


STHROL © (ALT 5), IN PLACE OF @, 


THIS IS IMPORTSGHT WHEN WORKING WITH HIGHER-DIMENSIOHAL ARRAYS, 
FOR EXAHFLE, It! A THREE-DIMEMSIONAL GRERAY OF FAGES, FOWS, ANE 
COLUHHS, @ WILL ROTATE OVER THE COLUMHS, @ OVER THE FAGES, 

TO ROTATE GVER AWY DIMENSION, YOU MAY SFECIFY THE DIMENSION Tit 
BRACKETS FOLLOWING THE 6 (OF THE ) SYHMEOL, 

THE LEFT ARGUMENT MUST HAVE THE SANE SHAPE AS THE RIGHT ARGUMENT 
OMITTING THE DIMEMSION BEING ROTATED OVER, OF IT wAY BE A SCALAR, 

FOR EXGMFLE, TO ROTATE OVER THE ROWS OF A THREE-DIMENSIONAL ARRAT 
CALLED SA WHERE ¢4A =) 2 3 4, ENTER EITHER $9[29]AA OF MOCDJAA 
WHERE pM =) 2 4, TO ROTATE OVER THE FAGES, ENTER S6AA OF MaaA 
OF S@CiJAG OF MOCLJAA WHERE f¢M => 3 4, TO ROTATE OVER THE 


COLUMHS, ENTER S¢AA OR MQAA OF SELZIGSA OF MELZJAA WHERE pM => 2 
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TRAHSFOSE-MOHADNIC TRAM 


t3 
oS 
cH 


rr ew eM Tue aly sgtegle ed te FOE ee RN ee EMRE EO He HOE eee 


Meee stMeulL © (ALT 4) 15 USED FOR THE MONADTIC TRANSFOSE FUNCTION, 
TT TAKES NUMERIC OR CHARACTER ARGUMEHTS OF ANT RANK, 
[Meee rURHS ALL THE ELEMENTS OF THE ARGUMENT IH & DIFFEREHT SHAFE 


AHI GROER, AS FOLLOWS, 


Peeerre > YITH A SCALAR OF VECTOR SIMPLY RETURNS THE ARGUMENT, 


WHEM USED WITH A MATRIX, & FERFORMS MATRIX TRANSFOSITION? 


THE FOWS FECOME COLUMNS Atlin THE COLUMNS BECOME FOWS, 


FOR EXOMFLE, IF M =} { 29 3 £4(THEH QM ~~ =) jeraay 
45 6 fa S 
73? 5 69 


WHEH USED WITH HIGHER-DIMENMSTOMAL ARRFATS, TRANSPOSE REVERSES THE 
Soeer OF THE DIMENSIONS, 

FOR EXAXMFLE, IH & THREE-~DIMEMSIOWAL ARRAT OF FAGES, FOWS, AND 
SOQOLUMNS, VHE FAGES WILL KECOME ROWS GND THE ROWS FAGES, 

Peierls, THE ELEMEHT ITH THE FIRST FAGE, SECOHD FOW, THIRD COLUMH 
Meee te TRANSPOSED TO THE THIRD FAGE, SECOND ROW, FIRST COLUMN, 
IF ARRATE 323354] => 7 THEN (WARRAY)L4$332}1] =) 7 

THE SHAFE OF THE FESULT WILL ALWATS EE THE REVERSE OF THE SHAFE OF 


THE ARGUMENT, IF fPARRAT =) 3 2 7 #£\(THEN fPRARRAT =) 7 2 2 


Nase 






206 TRANSFOSE-DYTAbIC TRAIN 


MCT Glen Gey as es eee es Reh ee RU HERE TEER RRO RHEE EET O OD 


THE STMBOL & (ALT §) IS USED FOR THE BYADIC TRAHSFOSE FUHCTION, 
THE FIGHT ARGUMENT CAH BE CHARACTER OF HNUMERTC, OF AMT RENE, 
THE LEFT ARGUMENT MUST BE A FOSITIVE INTEGER SCALAR OR VECTOR, 

IT RETURNS ALL THE ELEMENMTS OF THE RIGHT ARGUMENT IM A DIFFERENMT 


SHAFE SHI ORDER, A253 FOLLOWS, 


femte YY WITH & SCALAR FRIGHT ARGUMENT RETURNS A 'LEHGTH ERROR!’ UMLESS 
THE LEFT APGUMENHT IS AW EMPTY VECTOR, THEE <7 REVURHS) THE SEALAR, 
foes etURHS THE YECTOR V, AWHT OTHER SCALAR LEFT ARGUMENT USED WITH 
A VECTOR FIGHT ARGUMENT FRODUCES A 'DQMAIH ERROR', AY OTHER 


Seer LEFT SRGUMENT RESULTS It A 'LEHGTH ERRORS, 


WITH A MOTRIN RIGHT GSRGUMENT. THE LEFT ARGUMENT MUST EE A VECTOR? 
EITHER (j{ 7) OF (2 {), (23 1)RM FRODUCES THE TRANSFOSE OF M3 
THE COLUMHS (THE SECOHD DIMEMSION) BECOME THE ROW (THE FIRST 


DIMENSION), fet 


% 


tr 


Go Mi =) Mi 


WITH A RIGHT SRGUMENT OF RANK FR, THE LEFT ARGUMENT MUST COHTAIN ALL 
THE INTEGERS FROM { TO Ry IN AHT ORDER, 

TRANSFOSE WILL TAKE THE DIMENSIONS OF THE RIGHT ARGUMENT AND FUT THEM 
IN THE ORDER SPECIFIED Br THE LEFT ARGUMENT, 

FOR EXAMPLE, IF -A& £2) 92 3 4 THEH (3 1 2)RA WILL FUT THE THIRG 


BIMEHSTOH FIRST (COLUMNS BECOME FAGES), THE FIRST DIMENSION SECOND 


Gt 


(PAGES BECOME FOWS), AHE THE SECOND DIMENSIOH THIRD (ROWS BECOME 
COLUMNS), SO p(3 1 2)RA =) 4 2 FD, 

IH OTHER WORDS, THE ELEMENT IN THE SECOND COLUMH, THIRD ROW, FIRST 
PAGE WILL BE TRANSFOSED TO THE SECOND FAGE, THIREI COLUMH, FIRST 


ROW, AHN SO ON, PeeAbies ea =) | THEY 4(3 1 39)6A)T2 13] =) 98. 


140 





nt hone TAKE 


5 SR 5 rhs pummel Susur fr errr a 


meso trmeOlL Ww (URPSHIFT T) 15 USED FOR THE BYAGrIC TAKE FUNCTION, 
THE LEFT SRGOUMENT MUST BE AH IHTEGER SCALGR OF VECTOR, 
THE RIGHT ARGUMENT CAM EE CHARACTER OR HUMERIC, OF ANT FARK, 


TAKE RETURHS SELECTED ELEMENTS OF THE RIGHT ARGUMENT AS FOLLOWS? 


WHEN THE RIGHT ARGUMENT IS S SCSLAR, THE LEFT SEGUMENT CAH BE & SCALAR: 
OF A YVECTOS OF ANT LENSTH, 

THE RESULT OF L4F H&S & SHAPE EXACTLY ERUAL TOL, F WILL BE THE FIRST 
ELEMENT IF L IS FOSITIVE, OND THE LAST ELEMENT IF L IS NEGATIVE, THE 
OTHES ELEMENTS WILL BE QO IF FR IS NUMERIC, BLANK IF FR IS CHARACTER, 

FOR EXG@MFLE$ {44 =) 4 prey  =y 4 FAIRY =y A 


4 


Cd 


oee|6|6U Dl “4#2 => 9000 2 i CO ey 


IF THE RIGHT ARGUMENT IS A VECTOR, THE LEFT ARGUMENT MUST BE A SCALAR 
OF A 'RANK ERROR! WILL RESULT, 

S#¥V WILL RETURN THE FIRST S$ ELEMENTS GF VY, IF S$ IS FOSITIVE, GR THE 
LAST 3 ELEMENTS OF V, IF S IS NEGATIVE, 

IF S EXCEEDS THE LEHGTH OF V, THE RESULT WILL BE FADDED WITH Q'S, OF 
BLANKS, ON THE SIGHT IF $ IS FOSITIVE, ON THE LEFT IF $ IS HEGATIVE, 

FOR EXAMFLEt 741310 =) 12323 “ZA'ALFHASET! =y HET 


SA'GEC!' =) AEC POAIARC!' sy § “4623 =) 0022 
WHEM THE RIGHT ARGUMEHT IS A MATRIX OF HIGHER LEVEL ARRAT, THE LEFT 

ARGUMENT MUST BE A VECTOR WITH AS MANT ELEMENTS AS THEFE ARE 

Peete i OHS Th THE FIGHT ARGUMEHT, GRE A 'LEHGTH ERROR! RESULTS, 
FOR EMAMFLE! IF M => 99 7 “4 24M => § 5 #2 44K => 9 QB7O 

6 3 4 63 49 

THE FIRST ELEMENT OF THE VECTOR DETERMINES WHICH FOWS ARE TAKEN, 

AHD THE SECOND ELEMENT DETERMINES WHICH COLUMNS GARE TAKER, 


aera oli, WILL BE FAIDED WITH O'S OR BLANKS AS ABOVE, 
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FOR HIGHER LEVEL ARRATS, EACH ELEHENHT OF THE LEFT ARGUMENT WILL 
TAXE ELEMENTS FROM THE CORRESPONDING DIMENSION, 
FOR EXAMPLE, IF pA =>) § & AF (3 "EZ L)SM WILL RETURN THE FIRST 
COLUMN OF THE LAST THREE ROWS OF THE FIRST TWO FAGES, 
THE FESULT OF TAKE WILL ALWATS HOVE & SHAFE EXACTLY EQUGL TO THE 
ARSOLUTE YALUE OF THE LEFT ARGUMENT, 
IF THERE IS & ZERO (4) SNTWHERE IN THE LEFT ARGUMENT, THE ANSWER WILL 
FE AM EMFTY GRRAT WITH THE AFFROFRIATE SHAFE, 


Bee eenehe Le; pe Tg ita =32 31 peep =o 2 7 


ps 
+> 
ro 





OR OF DROP 


TJ 
ae 
rT 


eee i, 4 Ge NF e es yt ee Oe ee eee HR ORO Re Oe eee 


c 


Seer mbOl | (UFSHIFT UW) IS USED FOR THE DYADIC DROP FUNCTION, 
THE LEFT ARGUMENT MUST BE Ak INTEGER SCALAR OF VECTOR, 
THE RIGHT ARGUMENT CAH BRE CHARACTER OR HUMERTIC, OF ARNT ROKK, 


Meer RETURHS SELECTED ELEMENTS OF THE RIGHT ARGUMENT AS FOLLOWS 


WHEN THE RIGHT ARGUMENT I5 A SCALSR, THE LEFT ARGUMENT CAM BE & SCALGE: 
OF A VECTOR OF ANT LENGTH, 

IF ALL ELEMENTS OF THE LEFT ARGUMENT EQUGL Gy, THE RESULT OF LY}¥S WILL 
BE AM ARRAY CONTAINING THE RIGHT ARGUMENT} OTHERWISE IT WILL KE an 
EMF TY ARRGT, THIS GRRAT HAS AS MAT DIMEHSIONS AS THE LEFT ARGUMENT 
HAS ELEMENTS AND EACH DIMEMSIGH IS OF LENGTH j, 

FOR =XAMFLE?  {t4 =) (EMFTT) Pra. 125: 4 O¢'Aa' =) @ 


24 442 => (ENFTT) (2 4 6)42 


i 
oo 


te 00 O¥3 => 3 


ZF THE FRIGHT ARGUMENT [5 A VECTOR, THE LEFT ARGUMENT HUST KE 8 SCALAR 
OR A 'RAMNK ERRORS WILL RESULT, 

[eee BRETURH Y GMITTIHNG THE FIRST S ELEMENTS, IF S$ I15 FOSITIVE, 
Sete CAST S&S ELEMENTS, IF S&S 15 HEGATIVE, 

Poe GEES THE LENGTH OF Vy, THE RESULT WILL BE AM EMFTYT VECTOR, 


FOF: 


re 


PMP LE’ £4110 => 79 9 10 “TP'ALFHARET' =) ALFHA 


Ge aeC!' =} (EMFTT ) FSY' ABC! =) 0 O¢1 3 => i 


GI 


WHEM THE RIGHT ARGUMENT IS & MATRIX OR HIGHER LEVEL ARRAT, THE LEFT 
ARGUMENT MUST BE A&A VECTOR WITH AS MANT ELEMENTS AS THERE ARE 
MIMENSIONS IN THE RIGHT ARGUMENT, OF A 'LENGTH ERROR' RESULTS, 

BEORe EXAMPLE! IF M => 9 § 7 1 714M =) 65 0 24M =) 7 

65 4 4 

THE FIRST ELEMENT OF THE VECTOR DETERMINES WHICH ROWS ARE DROFFEL, 


AND THE SECOND ELEMENT DETERMIMES WHICH COLUMNS ARE OGROFFEL, 


FOR HIGHER LEVEL ARRAYS, EACH ELEMENT OF THE LEFT ARGUMERT WILL 





DROP ELEMENTS FROM THE CORRESPONDING DIMENSION, 

FOR EMAMFLE, IF p& = 45 4) (2 73 1)$A WILL RETURM THE LAST 

THREE COLUMNS OF THE FIRST TWO ROWS OF THE LAST FOUR FAGES, 

THE RESULT OF DROF WILL ALWATS HAVE 4 SHGFE EXACTLY EQUAL TO THE 
SHAFE OF THE RIGHT ARGUMENT MIMUS THE ABSOLUTE VALUE OF THE 
LEFT ARGUMENT, EXCEFT AS FOLLOWS: 

IF ANT ELEMENT OF THE LEFT ARSUMENT EXCEEDS THE LENGTH OF THE 
CORRESFOHRING DIMENSION IN THE RIGHT GRGUMENMT, THE RESULT WILL 
BE AN EMPTY ARRAY OF THE GFFROFRIATE SHAFE, 

mA => 42 3 


IN THE GROVE EXAHFLE? ee me etl 
mesa Siv¥® => § 1 06 3.4 S48 => (EMPTY) 
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COME RESS COM? 


r3 
— 
1 


f 
eee Pee epee eer PPteo er eee ee ee ee ee ee ee £ ¢e¢¢ @¢ @¢%? @¢ 6 © +H © He + eee eH ee re He eH 


ferme Ol / 15 USED FOR THE ErAnTIC COMFRESS FUNCTION, 
THE RIGHT ARGUMENT CAH KE CHARACTER OR HUMERTIC, OF AMT RAHK, 
MeemeeFY SORGUMENHT HUST BE {,0, OR A VECTOR OF 1'S AHE O's, 


COMPRESS RETURNS SELECTED ELEMENTS OF THE RIGHT ARGUMENT, AS FOLLOWS} 


{1/4 WILL RETURH THE RIGHT ARGUMENT, WHILE G/A SETURMS AM EXFT?T ARRAY, 


Vi /V¥O WILL RETURN THE ELEMENTS OF V2 THAT CORRESFOND TO 47'S IH V4, 
FOR EXAWFLE? j 9 i/1 2 3 =) ides i 10 1/'HALT' => HAT 


meoevyECTOR ARGUMEHTS MUST HAVE THE SAME NUMBER OF ELEMENTS OF A 


BeewOTH ERROR! WILL RESULT, 


Vie TAKES THE COLUMHS AS UNIT 


ur 


RHE SRETURHS THE COLUMHS Ih M WHICH 


BereeesFOrMi TO THE j'S TH V FOR EXGHFLE ?* 


+ 


IF M =) 42 3 THEM Guy Mista <3 
43 4 4 6 
Tae a Te 

BFL USERS REFER TO THIS AS WORKING 'ACROSS' ORF 'OVER' THE CCLUMNS, 


SIHCE COLUMNS ARE THE SECOND OF TWO DIMENSIONS OF A MATRIX, 
THIS MEGHS THAT THE SYMBOL / WORKS ‘OVER! THE LAST DIMENSION, 
TO COMPRESS OVER THE FIRST DIMENSION (E,G, ROWS OF A MATRIN), USE THE 


meee OlL + {ALT /), IH FLACE OF /, 


THIS I5 IMFORTAHT WHEH WORKIHG WITH HIGHER-DIMENSIOHWAL ARRATS, 
FOR EXAMFLE, IHN A THREE-DIMENSTOHAL ARRAT OF FAGES, ROWS, AHT 
BeeumtsS,y / WILL COMPRESS OVER THE COLUMHS, ~~ OVER THE FAGES, 

TO COMPRESS OVER AHT DIMEHWSIOM, YOU MAT SFECIFY THE DIMENSTOR Ih 
EFRACKETS FOLLOWING THE / (OR THE #) SYMEOL, 

THE LEFT ARGUMENT MUST BE A SCALAR, OF A VECTOR WITH THE SAME 
femeer OF ELEMENTS AS THE DIMENHSIOH BEING COMFRESSER OVER, 


FOR EXAMPLE, TO COMFRESS OVER THE ROWS OF & THREE-DIMENSIONAL ARRAY 






PeLLED AA WHERE -AA => 2 3 4, ENTER S/[2]AA OR 
ero tee WHERe py =; 3, TO COMPRESS OVER THE 
S4GA ORF VAG OR S/[{TJAA OR V/L1TJAA WHERE f¥ =) 
OVER THE COLUKHS, EXTER S/AA OR V/AA OR SYLFJAA 


WHERE pY => 4, 
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V/CL2]AA OR S¥[DIA4 
PAGES, ENTER 
9, TO COMFRESS 


OF V4[3] AA 





214 COMPRESS COM{ 


Erte lec s+ ete eee FT Feet P CHO EO HOHE EER HEHE UO E EO Oe OES 
THE SYMEOL ¥ (ALT /) IS USED FOR THE DYADIC COMFRESS FUNCTION, 

THE RIGHT ARGUMENT CGH! EE CHSRACTER OF HUMERIC, OF ANT RAHK, 

THE LEFT ARGUMENT MUST FE 4,59, GR A VECTOR OF {'S ANE Q's, 


COMPRESS RETURHS SELECTED ELEMENTS OF THE RIGHT ARGUMENT, &5 FOLLOWS? 


{fA WILL RETURH THE RIGHT ARGUMENT, WHILE OA RETURHS AH EMFTT ARRAT, 
YVidV2 WILL RETURN THE ELEMENTS OF V2 THAT CORRESFONETD TO 4'S It v4, 
FOR EXAMFLEt i 0 ifi 2 3 =) tied Ho. (oe Heo, ee) HAT 


TWO VECTOR SRAGUMENTS MUST HAVE THE SARE NUMBER OF ELENEHTS CR & 


BeerGlTH ERROR!’ WILL RESULT, 


Ve/M TAKES THE FOWS AS UNITS AND RETURNS THE ROWS ITH M WHICH 


Sere srFOHnh TO THE {'S Itt V FOR EXAMFLE ¢ 


¢ 


IF M =) 42 2% THER Peo ee i 2 Ss 
45 6 peo: 
poe 7 


AFL USERS REFER TO THIS AS WORKING 'ACROSS' OR ‘OVER!’ THE OWS, 
SIHCE ROWS ARE THE FIRST OF TWO DIMENSIONS OF G MATRIX, 

THIS MEANS THAT THE STMBOL / WORKS 'QVER!' THE FIRST DIMENSION, 

TO COMPRESS OVER THE LAST DIMENSION (E,G, COLUMNS OF & MATRIX), 
USE THE STMEOL / IN FLACE OF x, 

THIS IS IMPORTAMT WHER WORKING WITH HIGHER-DIMENSIONAL ARRATS, 
FOR EXAMFLE, Tit & THREE-DIMENSIOHAL ARRAT OF FAGES, ROWS, AND 
COLUMNS, / WILL COMFRESS OVER THE COLUMMS, ¢ OVER THE FAGES, 

TO COMPRESS OVER ANY DIMENSION, YOU MAT SPECIFY THE DIMENSION IX 
BRACKETS FOLLOWING THE “ (OR THE /) STMEOL, 

THE LEFT ARGUMENT MUST BE A SCALAR, OR A VECTOR WITH THE SAME 
NUMBER OF ELEMENTS AS THE DIMENSION BEEING COMFRESSED OVER, 


FOR EXAMFLE, TO COMFRESS OVER THE ROWS OF A THREE-DIMENSIONGL ARRKAT 
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CALLED AA WHERE pAA =} 2 3 4, ENTER SY[IJAA OF VS[LI]AA OR 5/69484 


t 


QR V/POJAA WHERE eV =) 3, TO COMPRESS OVER THE FAGES, ENTER 
$f44 OR VHAA OF S/[1L]GA OR V/[{]AA WHERE pV =) 2, TO COMPRESS 
OVER THE COLUMNS, ENTER $/AG OR V/OA OR SY[3Z]GA OR VY[3Z] AA 


oeme pY s> 4, 
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ae 


EMPANE ree 


tre 
+ 
an 


ay ge A AS SS 5 hs Pry ror rarer Ue nr er 0 rr SS 


Meme otreOlL \ (UFSHIFT /) 15 USED FOR THE DYADIC EXPAND FUNCTION, 
THE FIGHT ARGUMENT CAWY BRE CHARACTER OF HUMERIC, OF AHT RANK, 
Tae LEFT ARGUMENT MUST BE A VECTOR OF j{'S AMD g's, 
IS MUMERIC, OR BLANKS IF IT IS CHARACTER, AS FOLLOWS! 

EXPFANG RETURNS THE RIGHT SRGUMEHT, ADDING 9'S IF THE RIGHT ARGUMENT 


MemeUMERIC, OR BLAHKS IF IT ©€S CHARACTER, AS FOLLOWS: 


VS WILL RETURN A VECTOR CONSISTING OF THE SCALAR REFEATED AS MANT 
TIMES AS THERE AFE {'S In Vv, 
SOP esAMFLEt 46 1\3 =) 33 


Meefteei Se OO 7'S LH V, V\S RETURHS AH EMFTYT VECTOR, 


Vi/¥2 WILL RETURMH THE ELEMENTS OF V3, WITH Q'S OR BLANKS INSERTED 


ii 


eee Oekesrornh TO THE ! Bik esi, PUR ERANMFCE 


MMe ge =)) 12035 8102 6 1\°eFLE =) A PL 


eeweeer) ARGUMENT MUST COHTAIH AS MANY {'S AS THERE ARE ELEMENTS 


fore RIGHT ARGUMENT OF A 'LEMNGTH ERRORK' WILL RESULT, 


V\M TAKES THE COLUMNS AS UNITS AND RETURNS THE & MATRIX WITH COLUMNS 
OF Q'S OR ELANKS INSERTED TO CORRESFOND TO THE {'S IN V, 
ae =) CULO THEN eo ede oe 2 0g 
43 64 $0590 4 
789 70809 
AFL USERS REFER TO THIS AS WORKING '‘ACROSS' OR 'OVER' THE COLUMNS, 
SINCE COLUMNS ARE THE SECOND OF TWO DIMENSIONS OF A MATRIX, 
THIS MEANS THAT THE SYMBOL \ WORKS ‘OVER!’ THE LAST DIMENSION, 
TO EXPAND OVER THE FIRST DIMENSION (£,G6, ROWS OF A MATRIX), USE THE 


SeMEDL & (ALT ,), IM PLACE OF \, 


THIS I5 IMPORTANT SHEMH WORKTIHG WITH HIGHER-DIMEHSIONAL ARRKATS, 


FOR EXAMFLE, Ih A THREE-DIMENSTONAL ARRAT OF FAGES, FOWS, ANT 


14? 





Seems S WLLL ExPearn COVER THE COLUMHS, \ DVES THE FAGES, 


Pees rPAHE OVER GHY DIMEHSTOH, TOU MAT SFECIFYT THE DIMENSION Ih 


BRACKETS FOLLOWING THE \ (OF THE 4%) STMEOL, 


FOR EXAMFLE, TO EXF4HD OVER THE FOWS QF A THREE-SIMENSTONAL ARRAT 


CALLED AG WHERE ¢AA =3 D3 3 Ay 


= 


ENTER V\[D]AA OR VA OTAA 
MHERE +/¥ =) 3, TO EXFAND OVER THE FAGES, ENTER VARA OF V\CLI]GA 
“WHERE $/V¥ =} 2, TO EXPAND OVER THE COLUMNS, ENTER V\AA OF 


VS 3ZJAR WHERE +/V =) 4 





GS SS aii sea i ee ee 
fMeeeoresOt &§ (ALT ,) I5 USED FOR THE PTADIC EXPAND FUHCTION, 

THE FIGHT ARGUMENT CAH FE CHARACTER OR RUMERIC, OF ANT FARK, 

THE LEFS ARGUMENT MUST BE A VECTOR OF 1'°S ANE go's, 
EMPAND RETURNS THE RIGHT ARGUMENT, ADDING O'S IF THE RIGHT ARGUMENT 


Peru McR iC, OR PLANKS IF If T5 CHGRACTER, AS FOLLOWS? 


REFEATED AS MAHT 


in 
— 
4 
i 
ti 
1 
— 
ae 
m 
tf 
mr 
bP 
rt 
Ts 
Ti 


VSS WILL RETURN A VECTOR cons: 
TIMES AS THERE ARE 4'S Tit ¥ 
FOR EXAMFLES 19 143 => 3 3 


Meee re ARE HO {'S TH Vy, VS RETURRHS Alt EMFT?T VECTOR, 


VikV2 WILL RETURN THE ELEMENTS OF YO, WITH O'S OF BLANKS INSERTED 
TO CGRRESFOND TO THE O'S IH Vi, FOR EXSMFLE? 
Meeo isi 2 3 =>} Loe PoeOmie Ge Ls REE? sy) < 8 FL 

THE LEFT ARGUMENT MUST CONTAIN OS MANY 41'S O85 THERE ARE ELEMENTS 


Peete elGPT GrOUMENT OF A 'LEMGTH ERROR' WILL RESULT, 


YAM TAKES THE ROWS AS UNITS AND RETURHS THE MATRIX WITH ROWS 


Mie > OF ELONKS INSERTED TO CORRESFOHE TO THE j{'S IN Y 


’ 


mo => 1 2 3 Piet ORs keM => {2 3 
mess, G 0 9 0 
45 6 

BieeuserS REFER TO THIS AS WORKING '‘ACROSS' OR 'OVER' THE FOWS, 


SINCE ROWS ARE THE FIRST GF TWO DIMENSIONS OF A MATRIX, 
THIS MEANS THAT THE STMEOL & WORKS 'OVER' THE FIRST DIMENSION, 
TO EXPAND OVER THE LAST DIMENSION (£,G, COLUMNS OF A MATRIX), USE 


THE SYMBOL \ (UPSHIFT /), IN FLACE OF X, 


THIS IS IMFORTART WHEM WORKING WITH HIGHER-DIMENSIONAL ARRATS, 
FOR EXAMPLE, Ih & THREE-DIMENSIONAL ARRAY OF FAGES, ROWS, ANE 


COLUMNS, \ WILL EXPAND OVER THE COLUMNS, % OYER THE FAGES, 





TO EXFOHD OVER ANT DIMENSION, TOU MAY SFECIFY THE DIMENSION IM 
ERACKETS FOLLOWING THE \& (OR THE \) SYMEOL, 

THE LEFT ARGUMENT MUST EE & YECTOR WITH THE SAKE HUMBER OF 1{'S 45 
THERE SRE ELEMENTS IH THE DIMENSION BEING EXPANDED OVER, 

FOR EXSMFLE, TO EXPAND OVER THE ROWS OF A THREE-DIMENSIONAL ARRAY 
CALLED AA WHERE pAG =) 2 3% 4, ENTER VSC9JAA OR V\L IAA 
WHERE 4/¥ =) 3, TO EXPAND OVER THE FAGES, ENTER VSAA OF Y\L{qAA 
WHERE +/Y =) 3, TO EXPAND OVER THE COLUMNS, ENTER V\aa OF 


Yel SAAR WHERE +/V¥ =) 






519 LAMINATE LAMI 


e 


D~~irryrs os 6s 96 64% 8968508 064604646%44¢ F FbEOH PCH FE HH HHP FHP FC HEHE HH HEH HEED 
THE STMEOL , FOLLOWED BY AH HUMEER TH ERACKETS 15 YSED FOR THE 

Pretiet CAaMIHATE FUHCTION, Ar! EXTENSION OF THE CATEHATE FUNCTION, 
THIS FUNCTION WILL COMBIHWE TWO CHARACTER OR NUMERTC AROUMENTS 


OF ANT FRAMK (EXCEPT THO SCALARS) INTO A SIHGLE ARRAT, 


VECTORS CON RE EXTENDED BY LOWIHATING S,E{}V¥ OF ¥;C1]S OF V,Lily, 
THE HUMBER It THE BRACKETS MUST BE { BECAUSE VECTOR HAVE OHLT 


SUE EIMNEWSION, THLE SWCRKS EAC TL LIKE CATENHATE, 


HOW FOR SOMETHING REALLY TRICKT? 
TO MAKE & TWO-ROW MATRIX OUT OF TWO VECTORS OF THE SAME LENGTH, 
ENTER Yji,0,5]¥2, Atty IWDEX RETWEEM G GHD j WILL bo, 

THIS CREATES A NEW DIMENSION FRECEDING THE FIRST DIMENSION OF 
THE ARGUMENTS, THE OTHER DIMENSION STATS THE SAME LEHMGTH, 

BOmMake A TWO-COLUMN MATRIX, ENTER V¥1,[1,5]¥2 (ANT INDEX FROM 4 TO 3), 
HOW THE WHEW SINENSION COMES AFTER THE FIRST, WHICH IS THE SAME AS 


Pas CEHGTH OF THE SREGUMEHTS, 


LadMTRATIHG A SCALAR TO A MATRIX WILL RESULT IH A MATRIX WITH ONE 
Moe ROW (IF THE ITHDEX HUMBER It ERACKETS 15 1) OR OHE MORE 
COLUMH (IF THE INDEX HUMBER IS 9) THAH THE OFIGIHAL MATRIX, 


Peemeetrrmite> LH THIS ROW OF COLUMH WILL HAVE THE VALUE CGF THE SCASLAR, 


Be i 2 THEN G,fiIK =: § 5 AHR %,(235 =) 126 
34 i 345 
34 


LAMINATING TWO MATRIMES WILL RESULT IHN @ MATRIX CONTAINING THE Two 
ORIGINAL MATRIMES SIDE Br SIDE (INDEX 9) OR VERTICALLY (INDEX 1), 
FOR EXAMFLE? IF Mj =) { 2 AND MD => GF 6 
3 4 7, 8 


TREN M1, C2IK2 tee ecme re MILT IML => 1 


to 






3478 at 
aoc 
7 
TO STACK THE MATRIXES BY CREATING A THIRD DIKNENSION, ENTER 
M1,0.95]42 (AMT IHDEX BETWEEN § AND 4), TOU CAM ALSO CREATE 


A THIRD DIMENSION EY M{,[1,5]42 OF MY,(2,5]M9, TRY IT, 

VARIATIONS Of THIS THEME GRE ALMOST ENDLESS--EMPERIMENT! 

IH EVERY CASE, THE HUMBER IH THE BRACKETS REFERS TO THE DIMENSION 
WHERE THE 'SEGM' I5--THE DIMENSION THAT INCREASES IH LENGTH, 

IF THIS I¢ A HEW DIMENSION, IT WILL ALWATS BE LENGTH 2 It THE RESULT, 

THE OTHER DIMENSIONS HKUST BE THE SAME LENGTH IN BOTH ARGUMENTS 


Sees s OTE I5 A SCGELAR) OF A 'LENGTH ERROR’ WILL RESULT 
+ 






aa} MATRIX INVERSE MATI 


MO FFF eH Hee ee tee ee te eee ed DF se ere eee errereereeeeeeeeEeeeeereese 

Mere imogi ff (ALT x) IS USED FOR THE MOMHADIC MATRIX IHVERSE FUNCTION, 

IT TAKES A HRUMERTIC SCALAR, VECTOR, OR MATRIX ARGUMENT, AHD RETURNS 
mae ter T THVERSE, It! TERMS OF MATRIX ALGEBRA, THIS [5 THE HATRIX 


Poems FROQOUCES THE EREHMTIT: WHE! LEFT-4ULTIFLIED WITH THE ORIGINAL, 


WHEM USED WITH SCALARS, ff IS EQUIVALENT TO =+ 


+ 


Pepe TREAT VECTORS AS {xl MATRIXES, BV WILE RETURH TRE VECTOR VI 


50 THAT VI +¢,x ¥ a 1 


SQUARE HWATRIXES WILL FE [IRVERTED RORMALLYT 


+ 


FOR EXAMFLEt IF M =) 9 BM =} 79 { 


Some 


Hl 
3 4 ee eae 


SOME HOH-SQUARE MATRINES MAT ALSO FE INVERTED, 


FOR EXAMPLES IF M2 =) {4 4 THEN QM2 =) —0,9444 “O,1111 9.7222 


tr 
a) 


Ovayts4s “Os, illt "Ov2ge22 
3 4 


fotos NOT IHVERTIBLE, A "DOMATH ERROR' WILL RESULT, 





rr 
Co 
ro 


MATRIX DIY IDE MATE 


OO bias aa bees deeb env eereeneenenees 
Meee StTMEBOL § fALT ¢) 15 USED FOR THE DYABIC MATRIX DIVIDE FUNCTION, 
IT TAKES ARITHMETIC ARGUMENTS WITH RANK <¢ @, THE TWO ARGUMENTS 
MUST HAVE THE SAME HUMBER OF ROWS, 
Meeeeormo OF MATERIA ALGESRA, IT LEFT MULTIPLIES THE LEFT ARGUMENT &T 
Pepe ert INVERSE OF THE RIGHT ARGUMENT , 
PeeereOUUCES THE SOLUTION TO THE SET OF LINEAR EQUATIONS Axn=ss 


+ 


Meer USED WITH TWO SCALARS, § IS EQUIVALENT TO = 


+ 


Metoeiscel! WITH VECTORS, § OFERATES AS IF THE VECTORS ARE j{xC OR Rxj 


Pee tne Ss, WHICHEVER £5 AFFROFRIATE, 





244 OUTER _FRODUCT OUTE 


eet 00 © #6 6 FH FH 6 6 FF 6 FH HH F oO, e604 66454% 6 6 #6 +H +H $6 6 HF HH FH 


fest ArOlLS ao, (UFPSHIFT J FOLLOWED ET A FERIOD) Ake FLACED FRECEDTHG 
eres FUHCTIOMN SrMRQL FQ FROBUCE THE OUTER FRODUCT FUHC TION, 

THE ARGUMENTS MAT KE NUMERIC OR CHARACTER, IF THE DBYTALnTC STEROL 
ACCEFTS CHARACTER ARGUMENTS, THET MAY BE OF ANT RANK AHMED DO HOT 
HAVE TO AGREE Ih SHAFE, 

fewer FRONUCT FESULTS IM THE O2TrSGPic SrMEeQL OFERATIHG OH EACH 
feet OF THE LEFT SRGUMEHT CUMBRIFED WITH EVERY ELEMENT OF 


THE RIGHT ARGUMENT, 


FOR EXGMFPLE$ 19 0o,x¥ 345 °&2=> 3 4 SS 
6 8 10 

'STOF! o,= "FROST! =) 0010 

C2070 1 

gO 1-0 0 

100 0 


QUTER FRODUCT (ALSO CALLED 'JOT GOT' BECAUSE OF THE S1MEOLS) 
CAN BE EXTENDED TO ARRATS GF ANT DIMENSION OR SIZE, 

THE SHAFE OF THE RESULT WILL ALWATS BE EQUAL TO THE SHA@FE OF THE 
LEFT ARGUMENT CATENATED TO THE SHAFE OF THE RIGHT ARGUMENT, 

FOR EXAMPLE! IF pay =>) 34 AND pAd sy 65 


MEM  feRiacetAs) =) 3 4 6 5 





rs 
+> 
h3 


TUHER PRODUCT THHE 


eee e eee oe e oo 6 FF He HF HH HHH * eo? © @ oO 6 HO HF FH HHH HHH HH HD HHH 


maeeormeOlL , ({FERION OF 'ROT') MAT BE FLACED BeTWEEH AHY TWO DTADIC 


Seeerieh S=rMeOLS Ta CREPTE THE IWHER FROBDUCT FUNCTION, 

THE ARGUMENTS MAY BE HUMERIC OR CHARACTER, IF AFFROFRIATE, OF ANT 
BATIK , fie enopH Ur THE CAST BPIRMEHSION Gr THE LEFT ARGUMEMT 
econo same AS THE LEHGTH OF THE FIRST DIMEHSIOH GF THE 


PeGH) ARCUMEHT, 


INHER FRODUCT IS MOST COMMONLY USED WITH + ANE x TO FORM THE 
CONVENTIONAL DOT PRODUCT OR MATRIX FRODUCT OF MATRIX ALGEERRA, 
FOR EXAMPLES IF Vj => {2 3 AND v2 =) 45 6 


PEeH Vio, yx VO } 32 


IMMER FRODUCT MAT BE EXTENDED TO HIGHER LEVEL ARRAYS AS WELL AS 
MATRINES, THE SHAFE OF THE RESULT WILL FE THE SAME AS THE SHAFE 
OF THE LEFT ARGUHENT CATENATED TO THE SHAFE OF THE RIGHT ARGUMENT, 
OMITTIHG THE MATCHING DIMENSIONS (LAST ON THE LEFT, FIRST ON 
THE RIGHT, 

FOR EXSMFLE! IF fAj =>) 34 4 AND pad =) 


THE? Dee, ee ae => oe 






SO] INDEX OF IHG 


#*r+6¢7 6 > 666% HF FO 6H HF 6 6H 6 6 6 6 HH 6 H \ 656 705.6 767 0500 0516676" 8 6 4) $64) 2 6 6 6 4 8 4 8 4 8 69 8 8 Oe 8 + 


Meee tHEOL 4 (UrFSHIFT I) IS USED FOR THE BPraAamptc IHDEX OF FUHCTZION, 
THE LEFT ARGUMEHT KMUST BEE A VECTOR AND THE RIGHT ARGUMENT CAH EE 
BHT RANK, THDGS OF CAN BE USED WITH CHARACTER OR BMUMERTIC DATA, 
Pees ruhHis THE FOSITION Ih THE LEFT -ARGUMENHT OF THE ELEMEHTS OF THE 
NIGHT ARGUMENT, THE SsHArE OF THE RESULT I6 THE SAME AS THE 
SHGOFE GF THE FIGHT ARGUMENT, 
Peeve FIGHT ARGUMENT DOES HOT OCCUR TH THE LEFT ARGUMENT, THE RESULT 


Meee fe ORE FLUS THE LEHGTH OF THE LEFT ARGUME?HT, 


FOR EXAMFLE* 4 3 2 4123 =} 2 BECAUSE 3 IS IN THE SECOND FOSITION 


ue 


SHEE Oar! => 6 BECAUSE F is HOT FOURD 


V,A CHECKS EACH ELEMENT OF THE RIGHT ARGUMENT THOTYVYIDUALLY, 
FOR EMAWPLES 35797112345 =) S515 2 
IF YOU AS5IGH ALPHABETS! GECTEFGHIUKLMNOFRQRSTUYYWH TS! 


THEN ALFHAFET)'APL' =) 4 14 12 


bs 
cy 
Oo 






304 ENCOLE 


re es Pt ePtEP ee eooveteseeteeeesv ee eee se T 


eee ct’IMEBOL »+, (UFSHIFT HH) ©5 USER 


IT TAKES MUMERTC ARGUMENTS OF ANT RAHK ANTE 


Peete FIGHT ARGUMENT IW THE 


BR GUHEMT , 


See tr tes Lt THE LEFT GREGUMENHT GEFINEG THE 


Bene bre FLACED TH THAT FOSTTION, 


Berea seamMPLE, IN THE BINARY STSTEM, EACH FOSTTION CAH 


VALUES, Q OF {, THEREFORE, TO TRANSLATE {33 INTO 


eer 2 Ul! 
ed 


ao el 


DO meleeO = 1 


SHRPE AS THE LEFT 


Bod => Peo’ 


Reese Stily WILt ALWATS BE THE SANE 


Sees THAT THE LEFT ARGUMENT IS LANGE ENOUGH TO EE 


FOR =XAMFLES Aeeaetas =) Toh 4 


BNCODE Cat ALSO FE USED TO TRANSLATE TIMES, GIVEN 


ENTER ieee jeer TIME 


364), HOURS (9 TO 233), 


es000 355 
ee 1999)» 


SECOHDS (9 TO 0), 


Wags «(0 70 


AMT 


FOR EXAMPLES 2009 365 24 60 607435701 => 05 6 Sl 


1690 


HUMBER SISTEM SFECIFIED 


TIME “ih 


TO RECEIVE & VECTGRE OF 


EHCQ 


totter t tt te ttt 06 4 4 tet et te 8 8 tt 8 8 tte 8 Ut 8 8 


POR THE DrAbic ENCODE FUHETION, 


RETURNS THE REFRESENTATION 


Ry THE LEFT 


HUMEER OF VALUES THAT 


TAKE OHE OF TWO 
EFIHART, ENTER? 
ARGUMEHT, SO EE 


CORRECT, 


SECONDS, 


TEARS 


MINUTES (0 TO 40); 


41 






DECORE reco 


ty 
< 
cf 


eaeoveevevereroreoer evr eoevererererrerererevreresoneeee Lb bersee*e rere vee eee rere rerere ee eee ee eee eee 


ewes tmeOlL ., (URPSHIFT &) I5 USED FOR THE DPTARIC BECODE FUNCTION, 

IT TAKES HUMERTOC ARGUMEHTS OF AHY RAHK AND RETURNS THE DECIMAL VALUE 
OF THE RIGHT SRGUMEHT WHITH I5 WRITTEN Th THE HWUMEER STSTEM 
SReeeirlel Br THE LEFT ARGUMENT, 

eee TRIES ITH THE LEFT ARGUMEHT DEFIWE THE VALUES OF EACH FOSITION 


Pie tHE HUBER STSTEM, 


FOR EXGMFLE, IM THE FIHART SYSTEM, EACH FOSITION CAN TAKE OHE OF TWO 
VALUES, 9 OR j{, THEREFORE, TO TRANSLATE 10000101 FROM EIWART; 
meee 9000101 = eS 

UNLESS OHE ARGUMENT IS A SCALGR, THE ARGUMENTS MUST KE THE SAME SHAFE 


Meeea ‘LENGTH ERROR WILL EE FRODUCEDR, 


Meeeue CAW ALSO BE USED TO TRANSLATE TIMES, GIVEN TIME Tt TEARS, 
(0 TO 1999), BATS (O TO 364), HOURS (9 TO 23), MINUTES (0 TO 60) 
AND SECOHDS (3 TO £0), EXTER 2000 345 24 60 50 , TINE TO 
meee THE TIME IH SECONDS, 


FOR EXAMPLE, 2000 365 24 60 606 1 05 6 S51 41 =) 456701 


iéi 






306 EMECUTE Eve 


ERS e b+ 604804 FHETHDTHHH ZH FHKE ZL severe vrreseesr ovr eoveereeoeseeevrevnesevreonens 


MeeeeotmMrOL » (ALT —[) IS USED FOR THE MOHNALRIC EXECUTE FUNCTION, 
IT TAKES A VECTOR CHARACTER ARGUMENT ONLY, AND TREATS IT AS 


AH AFL EXFRESSTION, 


FOR EXAMFLE? Ste Oo =) s 
TF V =) ‘'HELF', s¥ WILL RUN THE HELF FUNCTION 


HOWEVER, »¢ WILL HOT EXECUTE EXPRESSIONS BEGINNING WITH ) OF 9, 






597 FORMAT-DTALIC DTEO 


POET EHH HERE HEHEHE HEHE HEHE EHH F HHH HEHEHE HHH HEHEHE HE HEHEHE HEH OHH E OOD 

idee stMEOL ~« (ALT J) IS USED FOR THE DPYTADIC FORMAT FUHCTION, 

THE RIGHT ARGUMENT MUST FE NUMERIC, OF ANT RANK, AND THE LEFT 
BRGUMENHT MUST BE A VECTOR OF INTEGERS, 

THIS FUNCTION CONVERTS THE RIGHT ARGUMENT TO CHARACTER DATA Tk 


B& TABULAR FORMAT SFECIFIED Br THE LEFT ARGUMENT, AS FOLLOWS? 


IF THE LEFT ARGUMENT IS A SCALAR, THE RIGHT ARGUMENT WILL BE WRITTEN 
WITH THAT HUMEER OF DECIMAL FLACES, 

FOR EXAMPLE? %e14 =) 14.00 (REMEMBER THIS IS HOW CHARACTER LATA) 
Mee o-oo 041475 =) 15.000 23.3550 148 


HMOTICE THAT THE COLUMNS ARE OF EQUAL WIDTH, SEPARATED kr GHE SFACE, 


Peeetre LEFT ARGUMENT I5 A VECTOK OF LENGTH THQ, ERCH COLUMNH IW THE 
SIGHT GRGUMENT WILL TARE UP THE SUUMEER OF SFACES SPECIFIED By THE 
FIRST ELEMEHT OF THE LEFT ARGUMENT, AND ERCH ENTRY WILL HAYE THE 
Piuimeem OF DECIMAL FLACES SFECIFIED RY THE SECOHD ENTRY IN THE 
LEFT ARGUMEMT, Er E2AnMr Ce? 


IF M = degen 3 THE = ies =) dee 


Cd 
od 
= 


4 ars ~ 4.0 


Paes eVULIMH ELEMENT MUST BE LARGE ENOUGH TO WRITE THE LOWGEST ENTRY, 


cn 
a4 


¢ 


INCLUDING OHE SFACE EACH FOR A NEGATIVE SIGH OR DECIMAL FOINT, 
IF IT 33 NOT, A 'LENGTH ERROR? WILL RESULT, 
REMEMBER TO ALLOW FOR & ELAHK BETWEEN COLUMNS! 3 iei1 2 =) 41,.02,0 
THE LEFT ARGUMENT MAT ALSO EE A VECTOR OF LENGTH EQUAL TO EXACTLY 
TWICE THE HUMBER OF COLUMHS IN THE RIGHT ARGUMENT, 
IM THIS CASE, THE ENTRIES IN THE LEFT ARGUMENT ARE FAIRED AND EACH 


PAIR GOVERMNS THE FORMAT OF THE CORRESFONDING COLUMH, AS ABOVE, 


Memon. 10 0 7 113.524 1 300.24 => 113.52 1.9% 300 


See Ee tHAlL TWIST: IF THE LEFT ARGUMENT IS A HEGATIVE SCALAR, THE 


143 





RESULT WILL BE WRITTEN IH EXFONEMTIAL HOTATION, WITH THE NUMEER 
OF DECIMAL FLACES IN THE MAMTIS5SA EQUAL TO OHNE LESS THAN THE 
ARSOLUTE VALUE OF THE LEFT ARGUMENT, 

FOR EXAMFLE*? “443 269 =) JEQOG 2EQ? 


S44.6157 10.55 400 =: 4.462E00 1.06501 4.00F02 
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368 FORMAT—-MOHALIC FORM 


mre 6 6464649644844 OFF Oe FT Cee eee eee neeeeeeeeeeeeeeeneeners 


THE STMEOL ¢ (ALT J) IS USED FOR THE MOMADIC FORMAT FUHCTIOH, 
IT TAKES A HUMERIC OR CHARACTER ARGUMENT OF ANT SANK AND COHVERTS 


IT TO CHARACTER DATA, 


THIS IS USEFUL TH CATEHATING HUMERTC VARIABLES TO CHARACTER DATA, 


om EXAMFLE ¢ it s = 3 AMT Vv = hess He 


Y,S WILL FROPUCE A 'ROMAINH ERROR' BUT VyeS =) GO TO LINE & 
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D. MAKING MODIFICATIONS 


Mie Vaer2-aD le HOWMODS 15 tncludesd in che TUTOR workspaces 
memguide the advanced studant, programmer, of instructor who 


Peeeges tO ©¢xXpand, modify, or customize the TUTOR functions 


and variables. Scmé suggestions for improvement are 
@escussed in chapter 3. Any ideas for modification of TUTOR 


Read 


iD 
fF] 
W 
rt 
| 
e 


are welcomed--please pass them aleng to Proft 
peeStGa=e Gf the “Opera=ions 


y 
(D 
7) 
} 
W) 


mec hne author of this ¢!t 


a © 


Maat ysisS curricular offices. 
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,HOWMOLS 


THE FOLLOWIHG ARE SOME TIFFS OM MODIFYING THE TUTOR WORKSFACE } 


HeemaagnIrr TEXT OF BDESCRIFTIVE VARTIARLES$ 
MEDIT THE VARIABLE (CHECK MAT FOR SHORT WAME) 
Peeowee TO INCLUDE THE AFPFPROFRIATE FIRST COLUMH CONTROL CHARACTERS? 
» FOR GENERAL DESCRIFTION | 
eo FOR SCALAR DESCRIFTION AND EXAMPLES 
vy FOR VECTOR DESCRIPTION AND EXAMFLES 
n FOR MATRIX DESCRIFTIONW AND EXGMFLES 


&t FOR HIGHER-LEVEL ARFGYTS DESCRIFTION AnD EXAMFLES 


Pome netGE THE ORDER OF LESSONS? 
NEDIT MAT TO ASSIGH HEW LESSOHW HUMBERS, 


THEN, TO REORDER MAT ACCORDING TO LESSO 


om 


t WUMEERS, ENTERS QDRODERMAT 


meee hlite HEW LESSOHS?’ 
WRITE A HEW TEXT VARIABLE, USING CONTROL CHARACTERS SS AROVE, 


NEDIT WAT TO ADD & HEW ROW, BE SURE TO INCLUDE: 


Eom 1-33 LESSOM HUMEER 
COL 99-34! HOME OF THE TEXT VARIGELE (LIMIT 4 CHARACTERS) 
COL 35-Si? FULL HAME OF THE LESSON (LIMIT 297 CHARACTERS) 


Dime othe COLUMIS MAY BE LEFT ELAHK AS THEY FERTAIH TO FUNCTION 


STMEOLS OLT, 


TO CHANGE OF WRITE WHEW QUESTIONS (HOT DRILL) 3 
AEQIT CUES TO CHAHGE OR ADT & QUESTION, BRE SURE TO EHCLOSE THE 
TEXT OF THE QUESTION, BUT NOT VARIABLES, IN QUOTE MARKS, 
A CARRIAGE RETURH MAY KE THCLUDEDR Br USTHG THE VARIABLE TR, 
RAHUSWER GROUFS MAY BE SEFARATE VARIABLES SUCH AS AF, FK, 


EDIT SHOW TO INCLUDE NEW QUESTIONS IN ANT QUESTION VECTOR &@V, 


RE SURE TO INCLUDE THE CORRESFPOHDING AHSWER TH THE VECTOR AV, 
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APPENDIX C 


SAMPLE RUN 


Wire boOndt x GCORcainS dad DPEINtSI= Of a SeSSion with the 
mei tutor. Studs 2= “response tO quEeStwons is prececkd by 4 
fet Or pericd. (ue iS Severnct2 ogo. thie terminal and not 
Pepe OL Cte) 6input.) SMe umeecacle= Tt tH eW= 15 “Gexscalily 
indentéd eight spaces and preceded by several tlank lines. 
A+ least one 2xample of each of th2 various ways to use <~he 
merOoR +S included. Also the various typ2s cf student 
eesponse to questions and driils are demonstrated. 
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yLOAL TUTOR 


SAVED 1islisis 12/14/83 


yOU MAY USE THE AFL TUTOR Ii THREE warss 
(1) ENTERS HELF 
TO SELECT THE SYMBOLS THAT TOU WONT INFORMATION ABOUT, 
(2) ENTER: TEACH 
TO SELECT THE STMEOLS THAT TOU WAHT IMFORMATION AND LRILL On, 
(3) ENTERS wENU 


Geese 8 LIST OF STMEOLS Oth TOFICS, 


eer oeu HAVE HEVER USER THE AFL TUTOR BEFORE, ENTER’ START 


TO SEE THESE ItHSTRUCTIONS AGATH AT ANY TIME, ERTER3 HOW 


START 


WELCOME TO THE AFL TUTOR, 


TRE FURPOSE OF THIS WORKSFACE 15 TO IHTRODUCE TOU TO 
'A FROGRAMMING LANGUAGE! BY DESCRIBING THE FUNCTIONS OF THE 
MAHY SFECIAL AFL STMEOLS, AND BY OUTLINING THE FROCEDURES FOR 


DESIGHING TOUR OW FUNCTIONS, 


THE AFL TUTOR ASSUMES TOU HAVE HAD LINEAR ALGEBRA AND TRIGIHNOMETRT, 
SaeevecUS 1S NOT NECESSARY, 

IF YOU HAVE NEVER HAD ANT COMPUTER FROGRAMMING BEFORE, DON'T WORRT, 
TOU CAH START USING APL RIGHT AWAT, AS A SUFER-SOFPHISTICATED 
CALCULATOR WITH MAHYT BUILT-Ih FUHCTIONS, 


IF YOU HAVE STUDIED OTHER COMFUTER FROGRAMMING LANGUAGES, RELAX, 


oe 






APL IS WOT LIKE AWHYT OF THE OTHER MAJOP HIGH-LEVEL LANGUAGES, 
TOU CAH FORGET ABOUT DATA TYFES, ITHFUT/OQUTFUT FORMATTING, Anh 
MAMYT OF THE OTHER TEDIOUS DETAILS OF FORTRAN, FASCAL, ETC, 


ALCULATOR MONE 


m3 


AFTER TOU BRE SUFFICIENTLY FAMILIAR WITH THe 


OF APL, TOU CAH LEARH TO DEFINE YOUR OM FUNCTIONS WITH EASE, 


HERE IS SOME BFASIC INFORMATION TOW WILL NEED TO KMHOW TH ORDER TS 


UNDERSTAND THE AFL TUTOR LESSONS, 


MOHADIC AND DFraAbic FUNCTIONS 
TOU ARE ALREADY FAMILIAR WITH STMEROLS WHICH FEFRESEMT SRITHMETIC 
FUNCTIONS, SUCH AS + OF +, GFL USES THESE STMEBOLS AHDT MANY OTHERS 
MMR ee RE SENT A VARIETY OF FUNCTIONS, 
MANY FUHCTIONS, SUCH AS +, REQUIRE TWO ARGUMENTS, THAT IS, TWO INFUT 


HUMEBERS , THREE. TRESE ARE CALLED PTOGNTC FUHCTIONS, SHO THE STMEGL 


IS PLACED BETWEEN THE ARGUMENTS, FOR EXAMFLE, 23+4, 
OTHER FUNCTIONS, SUCH AS LH (NATURAL LOG), REQUIRE OHLY ONE ARGUMENT, 
THESE MOMADIC FUNCTION SYMBOLS ARE FLACED TO THE LEFT OF THE RATA 


WHICH THE?T ARE TO OFERATE OH, EGR EXAMFLE, LH § IN AFL IS fade 


DATA TYFES 
AFL DISTINGUISHES OHLYT TWO TYFES OF DATA NUMERIC AND CHARACTER, 
VERY SIMPLY, CHARACTER DATA ARE ENCLOSED TH QUOTES (') WHEM ENTERED, 
'2' IS CHARACTER DATA, 32 IS HUMERIC DATA, SOME FUNCTIONS 


= 


WILL OPERATE OH EFOTH TYFES OF DATA, SOME OHLY OF MUMERIC, 


ARRATS 
PeeeGheatTEST STREHGTH OF APL LIES IM ITS ABILITY TO TAKE AH ENTIRE 
ARRAY OF MUMBERS AS A SINGLE ARGUMENT, THUS TWO MATRIXES TAN EE 
AUDED Br ENTERING SIMPLY A+E, WITH NO SUBSCRIPTS, LOOFS, ETC, 
THIS MAKES IT IMPORTANT TO KHOW THE RANK (THE HUMBER OF DIMENSIONS) 


OF DATA IN USE, A SINGLE HUMEER IS MORMALL YT A SCSLAR (FRANK QO), 


A SERIES OF NUMBERS I5 A VECTOR, A OME-DIMEHSIONAL ARRAT (RANK 1), 


i 






HUMBERS CAM ALSO GE ARRANGED IH ROWS AHE COLUMHE, TO WAKE A #HATETR 


— oe om oe ee oe 


(RANK 9), MATRIMES CAN BE 'STACKED' TOGO MAKE UP THE FAGES OF A 


THREE-DIMEMSIONAL ARRAY, OFTEN CALLED A BOQK (FAHK 3), In FACT, 


THERE I5 HO LIMIT TO THE HUMBER OF DIMENSIONS IN AN APL ARRAY, 
THE LEHGTH OF THE DIMENSIONS IS ALSO EFFECTIVELT UNLIMITED, LENGTH 
REFERS TO THE HUMBER OF ELEMENTS IN A DIMENSION, FOR EXAMPLE, 


THE HUMBER OF ROWS, CEHGTH MAT EVEH FE 6, 


it 


It! THIS TUTORIAL, A SCALGR MAT BE REFERRED TO AS S, Ly, OF F 
@ VECTOR HAT BE CALLED V, Vj, OR V2, WHILE A MATRIN IS My ML, OF HD, 
AN ARRAY, WHICH MGT BE A YECTOR, A HATRIX, OF AN ARRAT OF AMT HIGHER 
DIMENSION, WILL EE LABELLED A, Aj, OF AB, 
EXAMPLES 
WHEN EXAMPLES ARE GIVEN IR THE TEXT OF A FUNCTION DESCRIFTION, THE 
SYMBOL =) IS USED BETWEEN THE EXGMPLE IMNFUT AD THE EXAMFLE OUTFUT, 


FOR EXAMPLE? oe =) ? 


cf 


foes SIMEOL CAét BE READ AS 'FRODUCES' OR 'RETURNS', 


ERRORS 

YOU SHCULD HOT RECEIVE ANT ERROR MESSAGES WHILE USING AFL TUTOR, 
HOWEVER, YOU MAT SEE A FHRASE LIKE 'VALUE ERROR! (WITHGUT QUOTE 
MARKS) WHEN TOU ARE EXFECTING A HORMAL RESFONSE, 

OR IF YOU ACCIDENTALLY HIT THE ENTER KET WHEN THE COMFUTER IS NOT 
EXFECTING AN INFUT, THE FUNCTION MAY EHD GERUFTLY, LIKE THIS? 
MENU [4] 

IF EITHER OF THESE THINGS HAFFEN, KE SURE TO ENTER! 4 (UF SHIFT ¢) 


THEW RESTART WITH ANY COMMANT, 
HALTING A LESSO? 
YOU MAY STOF ANT LESSON AT ANT POINT WHERE A QUESTION IS ASKER 


RY ENTERING? STOP 


TO SEE THIS INFORMATION AGAIN AT GHYT TIME, ENTER? BASICS 


ale 






TOU MAT STGRT A LESSON IM THREE wars: 
(1) ENTER! LESSOM NEXTLESSOM 
TO START THE LESSOM FOLLWYING THE LAST ONE TGU COMPLETED, 
(2) ENTER! LESSON HHH (WHERE Win IS A Z-NIGIT MUNEER) 
TO START LESSOM NUMBER HHH, 
TO SEE A LIST OF LESSON NUMBERS, ENTERS MENU 
(3) ENTER! TEACH 


TO SELECT THE STMEOL THAT TOU WENT A LESSON OM, 


TO SEE THIS IMFORMATION AGAIN AT ANT TIME, ENTER? HOWTEACH 


TO START TOUR FIRST LESSON It AFL, ENTERS LESSON 491 


LESSON 10j 


PP HHE RE HER EHH HORE HEHE HOHE RO OE PETE EEE HHH HEHEHE HHH HEHEHE HEHEHE HEH OS 
THE STMEOL ~ (UPSHIFT ©) [5 USED OMLYT TO ENTER NEGATIVE MUMBERS, 
IT CAH BE USED ONLY Th FROMT OF SCALARS (SIMGLE HUMEERS), 

MOT VARTIAELE HMAMES, ARITHMETIC EXFRESSIONS, OF ARRGTS, 


TO CHANGE ARITHMETIC SIGH USE THE STMEOL -— (UFSHIFT +3, 


HOW MAH YT ARGUMENTS DOES THE MEGATIVE HUMBER FUHCTION TAKE? 


nL 


RIGHT 


WHAT RANK CAN THE RIGHT ARGUMEHT OF MNEGATIVE MUMEER EE? 


ENTER S FOR SCALAR 


V FOR VECTOR 


MZ 





x FOR MATRIX 


A FOR ANT RAHK 


RIGHT 


CAM NEGATIVE HUMBER TAKE CHARACTER ARGUMENTS? 
ht 


* 


RIGHT 


faaeoeas THE END OF TOUR LESSOH, 
meee HEAT LCESSOM IN SEQUEHCE, ENTER} ES ssen nent cessor 


TO START AHOTHER LESSON, ENTER! LESSON HH 


LESSOH HMEXNTLESSON 
PHHHH HEHEHE HEHEHE HEHEHE HEHEHE HEHEHE TERE HHH HEF HEHH HEHEHE HEHEHE HOHE HH OHHH HOODS 
THE SYMEOL + IS USED FOR THE MOHADTIC CONJUGATE FUNCTION, 
THIS [5 AW IDENTITY FUNCTION WHICH RETURNS ITS ARGUMENT, AFTER 


Eee UATION IF NECESSARY, IT TAKES WHUMERIC ARGUMENHTS OF ANT RAHK, 


HOW MANY ARGUMENTS DOES THE CONJUGATE FUNCTION TAKE? 


, STOP 


THIS LESSON HAS BEEN HALTED, 


TO START ANOTHER LESSON, ENTER? LESSON HHH 


is 





LESSOH 109 
TMC Gree eee 4 ee 4th 46 tT CUCL RC OR UT he CTT eC RH HOR HREOC E 
THE STMBOL + (UFSHIFT xy) I5 USED FOR THE DYADIC LPIVISION FUNCTION, 


IT FERFORMS SIMPLE DIVISION OK HUMERTIC ARGUMENTS OF GNT RANK, 


HOW MANY ARGUMENTS DOES THE DIVIDE FUNCTION TAKE? 
, TWO 


SORRT, FLEASE TRY AGATH 


HOW MAUT ARGUMENTS DOES THE DIVITE FUHCTION TAKE? 
2 


9 he 


RIGHT 


WHAT RANK CAH THE LEFT ARGUMENT OF DIVIDE BE? 
ENTER S FOR SCALAR: 

V FOR VECTOR: 

“ FOR MATRIM 

A FOR ANT RANK 
— 


SORRY, PLEASE TRr AGATH 


WHAT RAK CAN THE LEFT ARGUMENT GF DIVILDE KE? 
EXTER S FOR SCALAR 

¥ FOR VECTOR 

~ FOR MATRIX 


A FOR AllT RAK 


RIGHT 


WHAT RANK CAH THE RIGHT ARGUMENT OF DIVIDE KE? 


EXTER S FOR SCALAR 


haemon VECTOR 


en 


FOR MATRIY 


eo 


AR FOR ANT RALK 
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s 


+ 


SORRY, FLEASE TRr AGAT? 


WHAT RANK COM THE RIGHT GREGUMENT OF DIVIRE EE? 
ENTER S$ FOR SCALAR 

¥V FORK VECTOR 

% FOR MATRIX 

A FOR ANT RANK 
Vv 


SORRY, FLEASE TRY AGATH 


WHAT RANK CAN THE RIGHT ARGUMENT OF DIVIDE HEF 
ENTER S FOR SCALAR 
VY FOR VECTOR 
x FOR KATRIN 
A FOR ANT RANK 
ae 
SORRY, THE CORRECT ANSWER I3 A 
YOU ENTERED 5 WRONG ANSWERS QUT OF 3% QUESTIONS, 


IF YOU WANT TO RETAKE THIS LESSON, ENTER? LESSON 109 


Meee LESSON HAS BEEN HALTED, 


fioeoterh? AMHOTHER LESSOM, EHTER$S LESSOM Mit 


i 





HELE 


WOULD 


Bee R THE STMEOL(S) Tau 
OR,,,FOR MERU SELECTION, 
MERU 
IHMFORMATION IS AVAILABLE On 
101 ~ NEGATIVE_NUNEBER ae 
104 - CHANGE_SIGN 165 
107 x TIMES 108 
121 ( FARENS 1am 
124 F ZHAFE 125 
127 y RAVEL i238 
foi / REDUCTION 133 
142 x FOWER 143 
fae  FI_TIMES 146 
149 ! BINOMIAL 149 
mae & SCAN 141 
145 [ MAXIMUM 1464 
1546 4& GRADE _UF 167 
1469 7 DEAL 130 
mee ¢ LESS THAN 182 
185 )» GREATER_THAR 191 
193 « HAND 194 
194 ¢« MEMBER OF GT 
203 @ ROTATE 204 
206 Q TRAHSFOSE-DBTADTC Dy 
213 / COMFRESS Oa 
216 & EXFAHD 519 
232 G MATRIX_DIVIDE 2Al 
SO{ « INDEX_OF 304 
306 2 EXECUTE 307 
TO SEE MENU AGAIN, ENTERS 


FOR INFORMATION 


TO GO THROUGH TUTORIAL LESSOR, 


UMEER: } 


ENTER? 


LIKE INFORMATION 


MENU 


AEOUT, 


THE FOLLOWING STMBOLS/TOFICS! 


- 


1f ~ (oat 


I~ 


AKOUT FUNCTION, 


CONJUGATE 103 
MIHUS Hes 
RECIPROCAL 10? 
QUOTE jee 
RESHAFE 1a 
CSTEHATE 129 
REDUCTION i141 
HATURAL LOG i144 
GEOMETRIC 147 
MAGNITUDE Si 
CEILING 160 
MIHIMUM ee 
GRADE Down 165 
EQUAL 131 
LESS OR_EQUAL 134 
HOT i92 
OF og 
REVERSE 2992 
ROTATE 205 
TAKE PR, 
COMPRESS 915 
LAMIHATE ad 
OUTER _FRODUCT 949 
ENCODE T05 
FORMAT-DYTALIC 308 
MENU 
ENTER? IHFO HMM 
ENTER: LESSON HNH 


176 


ct 


X 


irae ee ~ 


—- 


“J 


(WHERE 


PLUS 

SIGHWUM 

wo EE 
SeoG le teat or 
BRACKETS 

INDEX GEHERATOR 
Emr GHERTIAL 
LOGSRITHH 

PAC TUR TGaL 

Scak 

FLOOR 

RESIDUE 

ROLL 

HOT EQUAL 
GREATER OF EQUAL 
Alt 

HOR: 

REVERSE 
TRAHSFOSE-MOHATIC 
UROF 

EX FARE 
MATRIM INVERSE 
INHER _FRODUCT 
DECODE 
FORMAT-MONADRTIC 


MHhMH IS MERU i 






LESSON {07 
MEEC RF eek eee eee te te he ee ee he eee X e440 6% 4444 %$ 6 © > © 6 6 € © 6 oH HH HD 
THE STMEOL x IS USED FOR THE DYADIC TIMES FUNCTION, 


THIS FERFORMS SIMFLE MULTIFLICATION OH HUMERIC ARGUMENTS GF AMT RANE, 


HOW MAT ARGUMENTS DOQES THE TIMES FUHCTION TAKET 


RIGHT 


WHAT FRAMK CAM THE LEFT ARGUMENT OF TIMES EE? 
EHTER S FOR SCALAR 

Poeor Yecrok 

n FOR MATRIA 

A FOR AMT RAHK 


+ 


SORKT, THE CORRECT AHSWER T5 A 


WHAT RAHK CAM THE RIGHT ARGUMENT OF TIMES RE? 
EMTER S$ FOR SCALAR 

V FOR VECTOR 

x FOR MATRIX 

A FOR AnT RAMK 
San 


RIGHT 


FOR EXAMFLE$ 2x4 2 8 ORDER AHD SPACING ARE HOT IMFORTANHT, 


DOES $1xS2 EQUAL $2x5{? 
: 


* 


RIGHT 


WHAT IS THE RESULT OF: 
Boe 806 
71460 


Lay 











INSTRUCTOR BEFORE RETURRIHG TO THIS WNIT, 


fe LESSON HAS KEEN HALTER, 


TO START ANOTHER LESSON, ENTER? LESSOM NHN 


LESSOM 4124 
MINTS TO CF HFC CCE Pe oe ree eereerer F eeeererreereerreeorereneeeeereneres 
THE STMEOL p I5 USED FOR THE MOMADTC SHAFE FUNCTION, 
eee ere rURNS A BDPESCRIFTION OF THE SIZE OF ITS GRGUMENT, WHICH CAH 
BE HUMERIC OR CHARACTER, OF AliT FARK, 


THE STMEOL CAM KE USED TWICE (ppe&) TO RETURH THE RANK OF ITS ARGUMENT, 


HOW MANT ARSUMENTS DOES THE SHAFE FUNCTION TAKE? 


el 
RIGHT 


WHAT RAMK CAH THE RIGHT ARGUMENT OF SHAFE KE? 
ENTER S FOR SCALAR 


werOr VECTOR 


% 


§ FOR MATRIA 


A FOR Abit RAHK 


RIGHT 


TF THE ARGUMENT IS A SCALAR, pS RETURNS HO NUMBER (AN EMPTY VECTOR), 


BECAUSE A SCALAR HAS NO LINENSION, peS =) Q 


Lo 






Peer ilG pY RETURTS GNE HUMBER WHICH REPRESENTS THE LENGTH OF 


th 
— 


THE VECTOR'S GONE DIMENSION, ppy 4 


WHAT IS THE RESULT OF? 
P 10 20 9G ~40 
oP 4 


Beem ts THIS ANSWER HOT ACCEFTAELE, FLEASE ENTER A HUMERTIC ANSWER, 


WHAT IS THE RESULT OF? 
E 10 20 0 ~40 
4 


SORKECT § 


Peis THE RESULT OF’ 


fee 0 3 
no 
CORRECT! 


THE SHA@FE OF MATRIMES IS EMFRESSED AS A TWO-ELEMENT VECTOR, 
THE FIRST ELEMENT EQUGLS THE HUMBER OF ROWS (THE LENGTH OF THE 
FIRST DIMENSION), AND THE SECOND ELEMENT EQUALS THE NUMBER OF 
COLUMHS (THE LENGTH OF THE SECOND DIMENSTON), 


FOR EXAMFLEt IF M =) { 2? 3 THEN PM =) 2 3 At pPpeM =) 


fo lw 


br 


43 64 


FOR HIGHER-LEVEL ARRAYS, pA WILL BE A VECTOR WITH AS MANY ELEMENTS AS 
A HAS DIMENSIONS, THE NUMBER OF COLUMNS WILL ALWATS BE THE LAST 
ELEMENT OF pA, THE HUMBER OF ROWS WILL ALWATS BE THE NEXT-TO-LAST 
ELEMENT, PRECEDED BY THE NUMBER OF 'PAGES' OF FLANES, FRECEDED ET 
THE MUMBER OF 'EOOKS' OR SPACES, AND SO On, 

FOR EXAMPLE! IF f IS A 4-DIMENSIONAL ARRAY, pro => 4, 

IF pI! => 5 3 4 2 THEN D HAS 5 HOOKS, EACH WITH 3% FAGES, EACH OF 
WHICH HAS 4 ROWS AND 2 COLUMNS, (THIS WOULD BE DISFLATED AS 


Mee teet! SUCCESSIVE 4x9 MATRIXES—-—-THE FIRST THREE BEING THE FIRST 


180 






ROOK, THE SECOND THREE BEING THE SECOND BOOK, ETC, ) 


CAR SHAFE TAKE CHARACTER ARGUMENTS? 


RIGHT 


IF $0, WHICH ARGUNENT(S) CAM BE CHARACTERF 
EHTER fF FOR RIGHT, 
L FOR LEFT, OF 


EF FOR EBOTH 


RIGHT 


fees 1S FHE EWE OF YOUR LESSON, 
FOR THE HEXT LESSON TH SEQUENCE, EHMTER $ PEssOi HEATERS SOI 


MemsTART AHOTHER LESSON, ENTER? PEeSSsOn Att 


LESSON HEXTLESSOH 
BETTS Teeter eee eee etree F cece ree rr ee tne eer eereerebennerreres 
THE SYMBOL p IS USED FOR THE DYADIC RESHAFE FUNCTION, 
THIS TSKES THE ELEMENTS OF THE RIGHT GRGUMENT AND REARRAHGES THEM 
ACCORDING TO THE SHAFE SFECIFIED Br THE LEFT ARGUMENT, 
THE LEFT ARGUMENT MUST EE AN INTEGER SCALAR OR & VECTOR OF INTEGER 
ELEMENTS, 


THE RIGHT ARGUMENT CAH BE HUMERIC OF CHARACTER, OF AHT RAK, 


HOW MANY ARGUMENTS DOES THE RESHAFE FUNCTION TAKE? 


v2 


RIGHT 


ipek 






WHAT RANK CAH THE LEFT ARGUMENT OF RESHAFE FE? 
men er S FOR SCALAR 

menor vet? OF: 

nm FOR MATERIA 


A FOR ANT RAK 


RIGHT 


WHAT FAHK Cah THE RIGHT ARSUMEMT OF RESHAFE FE? 
miereh 5S FOR SCALAR 

weenorn VECTOR. 

® FOR MATRIX 


A FOR AY RANK 


RIGHT 


IF THE LEFT ARGUMENT IS A SCALAR, THE RESULT WILL BE A VECTOR WITH 
LENGTH EQUAL TO THE SCALAR, COMSISTING OF THE ELEMENTS OF THE RIGHT 
ARGUMENT, TAKEN IN ORDER TOF LEFT TO ROTTOM RIGHT, 

WHEN THERE ARE HOT ENOUGH ELEMENTS IN THE RIGHT ARGUMENT, 

THE FUNCTION WILL START OVES AND TAKE THE ELEMENTS IN ORDER AGAIN, 
AS MANT TIMES AS HECESSART TO FILL THE VECTOR, 
FOR £XAMFLE? Meise tra tt 
4p('AB') =) AFAE 

IF THERE ARE TOO MAHT ELEMENTS OM THE RIGHT, THE EXTRAS ARE OMITTED, 

FOR EXAMFLE? Pirlo say) =>. 42 

DOES S{1p52 EQUAL S2pPS51? 

a 


RIGHT 


WHAT IS THE RESULT OF? 


2F 0.4 


182 






049 

SOpRY, CORRECT AHSWER 157 
0.6 0.6 

Beer £5 THE RESULT OF} 
eer Ol 

mel ol 


SORRY, CORRECT ANSWER I5} 


et 0.1 

WHAT IS THE RESULT OF! 
oer 60S 

mee sO «6 


CORRECT! 


[eee CEPT ARGUMENT I5 A VECTOR, THE ELEMEHTS IHOEICATE, IK ONDER, 
BerGth OF EACH DIMENSION IW THE RESULT, 


FOR EXQMFLES 2 9p{ 934 +=) | 


ee da 


ro 


4 


Sots ORE WAT TO ENTER MATRIXES OF ARRFGATS GF HIGHER DIMENSION, 


od 


IF OHNE GRGUMENHT 15 A VECTOR, THE OTHER ARGUMENT MAT KE SCALAR OR VEDTOR, 


Gust ) 


RIGHT 


Smee i> THE RESULT OF? 


3 Ff 0.1 4 
sol 4 41 


CORRECT! 


USING A MATRIX OF HIGHER-LEVEL ARRAT AS THE LEFT ARGUMENT OF RESHAFE 


WILL RESULT ITH A&A 'RAHK ERROR! , 


IF OHNE ARGUMENT I5 @ MATRIX, THE OTHER ARGUMENT MUST EE A SCALAR 


OF A MATRIX OF THE SAME SHAFE, (T/F) 


183 





RIGHT 


CAN RESHAFE TAKE CHARACTER ARGUMENTE? 
tT 


RIGHT 


IF SQ, WHICH ARGUMENT(S) CAH BE CHARACTER? 
ENTER F FOR RIGHT, 
BeFOR LEFT, OF 


k FOR BOTH 


RIGHT 


fee tS THE ERD OF YOUR LESSOH, 


Gemeente HEAT LESSOMW Trt SEQUEHCE, ENTERS LESSor 


TO START AHOTHER LESSON, ENTER? LESSON RMI 


184 


i 


J Cc rd 


> ome f % 


TEESSeH 






TEACH 
ENTER THE SYMBOL(S) TOU WOULD LIKE INFORMATION ABOUT, 
OF FOR MEHU SELECTION, EHTER$ MEHU 


a 


DEST S 4 FOC H HOE HH HEE HERE HH ET EHH HEHEHE HO HHS EFHEHHORHHOHOHOHH HHH HR OOS 


THE SYTMEOL 4+ I5 USED FCF THE MOHADTC CORJUGATE FURHCTION, 
foe tS AM IMNGHYFITY FUHCTION WHICH RETURNS ITS AREGUMERT, AFTER 


EVALUGTION IF HECESSART, IT TAKES HUMERIC ARGUMENTS OF AHYT RANK, 


HOW MAT ARGUMEHTS DOES THE CONJUGATE FUHCTIOMN TAKE? 


ol 
RIGHT 


WHAT RANK CAH THE RIGHT SRGUMENHT OF CONJUGATE EE? 


FOR SCALAR, 


wn 


EHTER 
V FOR VECTOR 
”~ FOR MSTRIX 
A FORK Ahr RAHK 
,A 


RIGHT 


PeMm@rPLes +2 =) 


ro 
=} 

! 
Ci 
+ 
ro 
iH 
w 

{ 
—— 


CAH COHJUGATE TAKE CHARACTER ARGUMENTS? 
H 


¢ 


RIGHT 


ePTFE HHH HHH HHH HHH HEHEHE HHH HHH T FHeFHF HHH HH HHH HHH HHH HEH HH HHH HHH HHH HH OD 


WRE SYMEBCL + I5 USED FOR THE Dranbic PLUS FUNCTION, 


185 





THIS FERFORMS SIMPLE ADDITION OF NUMERIC ARKGUHENTS OF AMT RANK, 


HOW MAH T ARGUMENTS BOES THE FLUS FURCTION TAKE? 
“ 


RIGHT 


WHAT FAHK CAN THE LEFT ARGUMENT OF FLUS EE? 


FOR SCALAR: 


yy 


ENITEF. 


Y FOR VECTOR 


on 


FOR HATRIN 


Sad 


A FOR ANY RANK 


RIGHT 


WHAT FAHK CAN THE FRIGHT ARGUMENT OF FLUS SE? 


FOR SCALAR: 


ui 


EHMTER. 
ferork VECTOR 
nm FQR MATREIM 
A FOR AMT RANK 


* 


RIGHT 


FOR EXAMFLE$ 9427 =) 4 SPACING IS HOT IMFORTGHT, 
DOES $14+52 EQUAL $2451? 
Y 


RIGHT 


Pee ts JHE RESULT OF? 


10 + 190 
+ 


Benet, THIS AHSWER HOT ACCEFTABLE, FLEASE ENTER A HUMERIC ANSWER, 


& 


WHAT IS THE RESULT OF? 





mm + 10 


4 
eo 


CORRECT! 


TO ADD A SCALAR TO EACH ELEMENT OF A VECTOR, 


Vievo WILL ADD TWO VECTORS ELEMENT BT 


mee 4 a) =? «65 66 CU? (3 
Meee st(S & 7) => 8 10 12 


IF THE TWO VECTORS BETHG ADDED ARE 


fee Wert GET A 'LEHGTH ERROR’, 


IF OHE ARGUMEHT IS A VECTOR, THE OTHER SF&GUMENT 


ou/ ) 


RIGHT 


WHAT IS THE RESULT OF? 


meee 0.F 0.3 


Meet +7 +33 


SORRT, THIS ANSWER HOT ACCEFPTAELE, 


Oren tS THE RESULT OF? 


eet «(207 (0.8 
wile l a 


CORRECT! 


mee 2S THE RESULT OF? 


“5 4 3+ 5 


, STOP 


Peete osOt HAS BEEM HALTED, 


eeeoeee so THe EHO OF SCHEDULED LESSONS, 


[eeeeckLeCY MORE LESSONS, ENTER? 


ELEMENT, 


ay 


ENTER EITHER SV OCR Ves, 


FOR EXAMFLES 


oa, 


LENGTH, 


Mat Se Scalar OF VECTOR, 


PLEASE EHTER A BUMERTC AHSWER, 





paomer THE STMEOL(S) 


, MEMU 


INFORMATION 


OF 


, TEACH 


FOR MEHU 


TOU 


WOUL 


SELECTION, 


IS AVAILABLE OR 


101 ~ MEGATIVE_NUMEER 102 
104 - CHANGE_SIGH 105 
107 x TIMES 198 
i271 ( FARENS Vag 
124 pf SHAFE ees 
127 » RAVEL io 
131 / REDUCTION 132 
142 x FOWER 143 
145 o FI_TIMES 146 
148 { BINOMIAL 149 
ps2 * SCAN 151 
163 [ MAXIMUM 144 
1466 & GRADE_UF Ge 
169 ? DEAL 130 
182 « LESS_THAK 183 
185 >» GREATER_THAN 191 
193 «4 NANr 194 
196 ¢ MEMBER OF 201 
2035 9 ROTATE 204 
204 & TRANSFOSE-DTrADIC 211 
213 / COMPRESS Res 
216 % EXFannD 919 
932 § MATRIX _DIVIDE Ai 
301 1 INDEX_OF 304 
306 2 EXECUTE 307 
TO SEE MENU AGAIN, ENTER! 


FOR IHMFORMATION ABOUT FUNCTION, 


TO GO THROUGH TUTORIAL LESSON, 


UMBER ) 


ENTER? 


THE FOLLOWING SYHEOLS/TO 


~ 


il ~~} = = —_ 


{~ 


LIKE 


MEHMU 


CONJUGATE 
MIMUS 
RECIFROCAL 
QUOTE 

RESHAFE 
CATENATE 
REDUCTION 
MATURAL_LOG 
GEOMETRIC 
MAGHITUDE 
CEILING 
MINIMUM 

GRADE Down 
EQUAL 
LESS OR _EQUAL 
HOT 

Or 

REVERSE 
ROTATE 

TAKE 

COMFRESS 
LAMINATE 
OUTER_FRODUCT 
ENCODE 


FORMAT-DTAaLIC 


ME HU 


ENTER? 


ENTERS 


188 


THFORKMATION 


INFO 


LESSOW 


AEOUT, 


oe 


104 


398 


hehehe 


BRM 


rr. 
a 
i 


“+ 


(WHERE 


Eo 
Eis 
SIGHUM 
LIVIe 


SrFECTFIESTI ION 


i 


BRACKETS 


ITHDEX GEMERAT OR 
EXFPOREHMTIAL 
LOGARITHM 
FACTCRIAL 

SCA 

FLOOR 

RESTOUE 

ROLL 

HOT _EGUAL 
GREATER_OR_EQUAL 
ArT 

HOR 

Beven oe 
TRAHSFOSE-MONALDIC 
DROF 

EXFAHD 

MATRIN_ INVERSE 
THHER FRODUCT 
GECOLE 
FORMAT-MWOMNARTC 


HEHE IS MEKU tt 





LESSON 195 


eee ove eee eae ee eoeee eee eee eeeeee ~ FHT HH HEHE HTH HEHEHE KR HEH HEHEHE HHH HEH HH HEH 


THE SYTMEOL -—- (UFSHAIFT 4) 15 USED FOR THE DYADIC HWIHUS 


FUNCTION, 


IT FERFOSMS SIMPLE SUBTRACTION OH HUMERTC GRGUMERTS OF GHY RAMK, 


HOW MAHY ARGUMENTS BOES THE MIMUS FUNCTION TAKE? 


eo 


RIGHT 


WHAT FARK CAM THE LEFT ARGUMENT OF MIHUS EE? 
EHTER S FOR SCGLAR: 

V FOR YECTOR 

nm FOR MATRIX 


A FOR ART FARK 
FRIGHT 
WHAT FAHK CAH THE RIGHT ARCUMENHT OF MINUS KE? 


EHTER S FOR SCALAR 


VerOR VECTOR 


os 


FOR MATRIN 


oe 


A FOR ANT RAK 


RIGHT 


FOR EXAMFLES 


on 
( 


=) nia s 2 1s5 


DOES S{-S2 EQUAL $2-5{? 
yi 


RIGHT 


WHAT IS THE RESULT OF? 


0. 1 eS TOS 
+4 


alee) 





CORRECT! 


TO 

TO SUBTRACT EACH ELEMENT 

V{-V2 WILL SUETRACT EACH ELEMEHT OF VO FROM THE 
ELEMENT OF Vj, 

V1 AND V2 MUST BE THE SAME LENGTH OF 

FOR EMAMFLE! (3 4 


oa 7 


Cc % 
gee 


Sad 2) =) ee, oS 


IF OHE ARGUMERT THE OTHER ARGUMENT 


(T/F) 


IS A VECTOR, 


RIGHT 


WHAT IS THE RESULT OF3 


fees «=O GH (0S 
eo 4 


CORRECT! 


WHAT IS THE RESULT OF? 


eo - 8 86|(CC 

may 63ClCle 

SORRT, CORRECT AHSWER IS? 

678 

WHAT IS THE RESULT OF? 
mone 0.4 - 0.4 

hi.d 9 

CORRECT! 


WHAT IS THE RESULT OF? 


my 0.8 - 0.8 0.7 
Meliss 
SORRY, CORRECT ANSWER IS} 


oO 


SUBTRACT A SCALAR FROM ERCH ELEMENT OF A VECTOR, 


OF & VECTOR FROM THE SAME SCALAR, 


TOU WILE GET A 


ee ec Sai 


ENTER V—S, 
ENTER $-¥ 


¢ 


CORRESFOHDING 


‘LENGTH ERROR! , 


43) = 


MAT KE SCALAR Oh YECTOR, 






me 0.1 


Mite?’ iS THE RESULT OF? 


BOomeoO 39 sO - FO 30 “16 “50 
2 10 90 50 350 
CORRECT! 


ENTER M-3 TO SUETRACT THE SCALAR S FROM EACH ELEMENT OF THE MATRIX M, 
Sager s-M TO PO THE OFFOSITE, 


Sere ssAMPLES IF M => | DO THEM 4-H =} 3 


r3 


BMID M-9 =) “4 9 
3 4 9, ec: 
M{-M2 SUEBTRACTS MATRIX 42 FROM MATRIX Mj, ELEMENT RY ELEMENT, 


FOR EXAMPLE? IF M4 =} 1 2 AND MO => 3 4 THEM MO-Mi =) 3 


ho 


5 4 |e Bee 
IF Mj] AND M2 ARE NOT THE SAME SHAFE, & 'LEHGTH ERROR! WILL RESULT, 
TRYING TO SUETRACT A VECTOR FROM A MATRIX OR VICE-VERSA WILL 


PRODUCE A ‘RANK ERROR', 


IF OWE ARGUMENT IS A MATRIX, THE OTHER ARGUMENT MUST BE & SCALAR 
OR A MATRIX OF THE SAME SHAFE, {T/F) 
Sig 


RIGHT 


SegeeceerPRihEIFLES CAH BE EXTENDED TO HIGHER LEVEL ARRATS, 


CAH MIHUS TAKE CHARACTER ARGUMENTS? 
wi 


RIGHT 


WRITE A TRUE STATEMENT USING -, 
FOR EXAMFLE$ 4=2+2 

2-220 

SORRY, THIS STATEMENT IS HOT TRUE, 


TRY AGAIN, 


eos 






WRITE A TRUE STATEMENT USTRG ~, 
FOR MNAMFLES 4-42 
+4224? 


YOUR AHSWER DOES HOT USE ~, TRY AGATH, 


WRITE A TRUE STATEMENT USING -, 
FOR EXAMPLE! 4=24+2 


»(2-2)=4 


PO TOU WISH TO REVIEW THE DESCRIFTION OF MIHUS? 
ENTER r OR HK, 
i 


+ 


WRITE A TRUE STATEMENT USING ~, 
FOR EXAMPLE! g=2+2 


»O=2-2 


CORRECT! 


mmo ts THE EHD OF TOUR LESSOH, 


Memeerte HEAT LESSOH IN SEGUEWCE, ENTER? LEssOn HEATLES=> Ott 


feeeobRe) AHOTHER LESSON, ENTERS CLESssOr rHtit 


ILS 






HEL r 
ENTER THE STMEOL(S) YOU WOULD LIKE ITHFORMATION AFOQUT, 


OR,,,FOR MENU SELECTION, ENTER? MENU 


ol 


BSETTT IS STEFF OH Hee ee Ee EH EO He ee TL Hee e renee ee eee Rear eeeHeHedeHeereers 

THE SYMBOL ) (UFSHIFT I) IS USED FOR THE MOHADIC INDEX GENERATING 
FUNCTION, 

IT IS USED WITH A SINGLE HON-NEGATIVE INTEGER ARGUMENT (SCALAR, OR 
VECTOR OF LENGTH {), 

IT RETURNS A VECTOR OF INTEGERS, IN ORDER, BEGINNING WITH THE INDEX 
ORIGIN, AND ENDING WITH THE ARGUMENT, 

FOR EMAMPLE? Poe ers 10 => (AM EMFTY VECTOR) 

THE INDEX ORIGIN IS NORMALLY (BY DEFAULT) 1, 

USING , WITH A HON-INTEGER, HEGATIVE OF ARRAY ARGUMENT WILL FRODUTE A 


'DOMATH ERROR! , 


*%?#¢¢4%4677464 + $66 © FH HF OHH F \ ¢e¢eeef6¢t @e +t FO +t HHH FHF HH HHH FH HHH HHH 


THE SYMBOL , (UFPSHIFT I) IS USED FOR THE BranbiIc INDEX OF FUNCTION, 
THE LEFT ARGUMENT MUST EE A VECTOR AND THE RIGHT ARGUMENT CAH EE 
AWHYT RAHK , IHDEX OF CAH BE USED WITH CHARACTER OF HUMERTC DOTA, 
Perea URHS THE POSITION IN THE LEFT ARGUMENT OF THE ELEMEHTS OF THE 
RIGHT ARGUMENT, THE SHAFE OF THE RESULT 15 THE SAME AS THE 
SHAPE OF THE RIGHT ARGUMENT, 
IF THE RIGHT ARGUMENT DOES HOT OCDUR Tt THE LEFT ARGUMENT, THE RESULT 


WILL BE OWE FLUS THE LENGTH OF THE LEFT ARGUMENT, 


FOR EXAMFLE? 43929 113 °&«=) 9 BECAUSE 3 IS IH THE SECOND FOSITION 


'HELLO' | 'RP! =) 6 BECAUSE P IS HOT FOUND 


MORE? 


ne 






V{A CHECKS EACH ELEMENT OF THE RIGHT ARGUMENT INDIVIEUALLT, 
POR EXOMPLES; 3253 7711 2345 +=) 3Ssls 2 
IF YOU ASSIGH ALFHABET¢' ARCHEFGHIJKLMHOFQRSTUVWXTE ! 


THEH ALFHABET)'APL' =} ¢ 16 12 


FOR MORE HELP, ENTER: ee 
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MEU 


INFORMATION IS AVGILAELE OW 
10] 7 HEGGTIVE_MUHEER: 102 
104 - CHANGE SIGH 105 
107 x TIMES 108 
121 ( FARENS 122 
124 fF SHAFE bag 
127 » RAVEL 128 
iZi / REDUCTION ae 
142 x FOWER 143 
145 09 FI_TIMES AG 
149 ! BIHOMIAL 149 
iS2 % SCAN Lod 
143 [ MAXIMUM 164 
146 & GRADE_uF ear 
149 ? DEAL 180 
182 ¢ LESS_THAH 195 
185 >) GREATER_THAH 19] 
193 «4 HAND 194 
i946 ¢ MEMBER OF 204 
203 9 ROTATE 204 
204  TRANSFOSE-nTADIC 44 
213 / COMPRESS O14 
214 % EXPAND 249 
Pao MATRIM DIVIDE 244 
301 . INDE _OF 304 
306 2 EXECUTE 307 
TO SEE MENU AGGIN, ENTER! 


FOR ITHFORMATION 


TO GO THROUGH TUTORIAL LESSON, 


UMEER ) 


Too LOW LHe SiakOLS/TOFPICS ; 


+ 


sa? 


“iy 


AROUT FUNCTION, 


COHNJUGESTE 103 
HIHUS 104 
RECTFRECCAL 10% 
QUOTE es 
RESHAFE 1264 
CATEHATE 129 
PEnUCTION 14] 
MATURAL_LOG 144 
GEOKE TRIE 147 
MAGHITUDE iSi 
PEZELHG 142 
MINIMUM 165 
GRADE DOWN 168 
EQUAL ii 
LESS CF J6GUAL 184 
HOT 132 
OF 195 
REVERSE nO 
ROTATE 205 
TAKE ao 
COMFRESS 215 
LAMINATE 231 
OUTER FROLUCT ma 
ENCODE 305 
FORMAT-DYADIC 308 
MERU 
ENTER IMFO HM 

ENTER? LESSON NM 


i> 


+ FLUS 


x 


- = 


me 


(WHERE NNH 


SIGHUM 

DIVIDE 

Sreerer Sal Lot 
BRACKETS 

TREX GEMERATOR 
EXFOHENTIAL 
LOG&RITHM 
FACTORIAL 

SCA 

PLOOR 

heot GUE 

ROLL 

MOT _ERQUAL 
GREGTER OF EQUAL 
AD 

HOR, 

REVERSE 
TRAMHSFOSE-MOHADTIC 
DROF 
AP AMI 
MATRIX INVERSE 
IHNER FRODUCT 
DECODE 


FORMAT-MOHMADIC 


IS MEHU MM 





IMFO 189 


#4#ee¢e4044440446464 6444444444404 46464 6 «¢%~  i™ ¢ @ €e © € + +H + FHF FF FH HH +H He Ht HHH 


eee stTMBOL = (UPSHIFT §&) I5 USED FOR THE BYABIC EQUALS FUNHCTICH, 

THIS COMPARES WNUMERTIC OR CHARACTER ARGUMENTS OF AHYTY FAHK, 

Peer etURHS 7 FOR EACH ELEMENT OF THE LEFT ARGUMENT THAT I5 IDENTICAL 
TO THE CORRESFOHDING ELEMEHT OF THE RIGHT ARGUMENT, SHE 9 FOR 


Pach ELEMENT THAT 15 HOT, 


0 tAr'teanti ki =} 0 


tJ 
4] 

> 
iT) 
< 


FOR EXAMPLE? 2=2 =) 


e~* 





FOR MORE INFORMATION, ENTER? THFO bMittit 
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WHAT IS THE RESULT OF3 
Sat 80 :6C40 C50 C90 
+40 6&9 ~ 70 

CORRECT! 


EST OK 


TEST 203 


WHAT IS THE RESULT OF} 
mete 60 670: 620 (40 

‘ 

SORRY, CORRECT SNSWER IS} 

“40 60 70 ~20 

WHAT IS THE RESULT OF: 
2% G0 460 “40 “16 

» 40 10 0 “60 

CORRECT! 


PEST O 


WHAT IS THE RESULT OF! 
moe, 6|U6lCOdL 

as 7? 

CORRECT! 


TEST OK 


oF 





TEST 16S 


WHAT IS THE RESULT OF? 
& 0,3 9.4 
oe 1 


CORRECT! 


fee tS h6UT HE URESULT OF? 


Mem TE5T HAS FEENM HALTED, 


+ 


STOP 

IF YOU WANT TO END THIS SESSION, ENTER? )SaVE 

WHEM YOU SEE THE TIME, DATE, AND 'TUTOR' MESSAGE, ENTER? )OFF 
,) SAVE 


$1°492°19 12/14/83 TUTOR 

, OFF 
CONNECT= 01;10°327 VIRTCPU= 000,062.88 TOTCFU= O00;11.11 
CONNECT= $5.87 TOTCFU= $1.85 SIi0= $0.41 TOTAL= $3,135 
MULT BY SHIFT FACTOR? =1(0AY)s =O,.6(EVE)s =0,3(NIGHTS) 
BeeOrr Al 17:42:42 PST WEDNESDAY 12/14/83 


VM/370 ONLINE 
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BEE EO GRAPAY 


and Rose 
d. New YOr 
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BPE EAL DESTRISUTION LIS? 


Deirense Technical Information Center 

@Sameron Station _ - 

Alexandria, Virginia 22314 

eee Soqe 0142 

Navel Postaraduat? School 

Monterey, California 9 3943 

Dennis R. Mar, Code QO141 

Navel Postgraduate School 

Memecmtov, Caizfornia 93943 

me KRacherine S. Lanes 

c/o Deputy Commander . >: 
Pree see ens! Tsst and EValuation Force, Patiiic 
fever sa = Station North Island 

pemeeote gO, California 92135 

Begecssor KR, R. Read, Code 5583 

Naval pe cee te eee een er 

Memeserey, Calitornia 93943 


200 





































































_ P - 
° - 
° 
J = a 
. , 
. - a 
a ra 
z : 
a - 
_ : = - . - 
- F r r ; 
ry Ps : 
& as 
5 
al * 
i bd > ~e " ¢ PA S 
i oP a . R 
7 ro * : ae C . . 
Tr = , 
ba = 4%. A > . 4 = e 
a ina oy aol a en 4 P 
ad = ray ad Py iv ss ; ‘ ad pd a 
° ° tt e = 
* we Pe ® : ar . = 
. 7 , “ 
= = a ad x @ . 
- ad . - " ry ” 
a - 5 % 7% li. ° a s 
+ id < owe « Cas ‘ : i. =~ ¥ . $ . 
~ a s sl led - 
. a a 7 , ’ 2 .5 
rs 2 Pi ° a 
F 
oe - = a 7 . _ - e 7 ) a ts a 
. - he | = . z= é é af iene 
“ ww" Ps “I * ® 4 . = Ta - td oa ran P = f Pi 
bas tee . = = a, 7 oa pm . 
owe | — ry = ¥ ry . 
7 Sa Tiss : i cd £ 
4 me > Sl m a wt a v - ow a 
Py = - * 5 ae é ° = a ~ 
fs han eS r are To 55 J pte eb hs S nd es a 
iy a ie ae F rs 
ele ‘ a * a & M - 7 ~ e ae hs 
a = mm cr i ~ = a a ~ Py i Pe 
; i ny “ = * & Tr P _ all » 
A ~ ~ a4 ad io 
- ~ om “ Tye ee e G . F P re . - > = 
- Ni . . a ” Ps ak a 
yy) y = bealiaias = be Le. Se PY ed " P - 
Oe = = . e ye ~~ se es te a ns Ps é o vital As 
7 S = *,@ . > w at q " Mi w ¢ y - = 
. . NG ea ee sow 6c= 3 ied ae a “ee . oe s r A ra P z d 
s - Cah Ml > > ‘so. . 8 ~~ i a ‘ 5 a 7 a . pe of o - Cd Call to 
s ttt & S eet w ae " es i. ca g rs - 
~ ™ 7 a _ ey . - “ . ° P oad a ¥ a er 
~ —_ a "] ae x” Cs ry Ce alee w 
* * ~ le on te lee te es — = Se it 9 « = ry p “e- Leh apt =| ~ om — 
. - _ - = ‘ Carte be ee ae . ” 4 s fee - ‘ 5 I ge gps s = 
ca yl . mi cS . y > ‘ "w . Z ae 
a : . ho ; - x bs a + fe x - 7 ey ae 
ad - 3 =~ 4 aa % & a . q bil id P = - oa - x i 
4 gg J md Oy he a) es . 4 4 y , ; S r « "I ra ee ee sf 
ieee . B " Fs “Cr - 
SS ¥ shoe ag ot iPod Tee " ~*~ a r . ? P A alk a. m Pt = a Pes pe nal 4 ape 
———— a wry HS » a 2 ow o os = - « a s = ty 4 ie a a AI a dele 
i eh ee . pes - Swan ’ A ee ere ol led hs if OP -£- pat ads ss gl al dO pte 
i = = — , =n aie) Ce ee = oa “ - ™ x ye sce Fi 4 aan Ai reer ae ° ce a vite whats » 
——_ - S . td i sy ¥ r ae Pe ry 
¥ —_ >—- aa ” mye haha! bie te eth Re ae o a a . $ Pa “4 : . i ae OE a ees “eget? safe F Hecet - is Cl al at ti 
—— at heh lie | ws <% te ro By i - om, e " 5 - . » pili b jas - ef f i “td ~ - 
— ite rs eae aA, 8 > eR a 7 7 a - a A er] ie P A 
a —— = o rear joes: we Pe ® a ah r 7 % bs - : o i - : Ld o iy aie es ie 5 fs Mee aie. aly a ai coho 24 = 
—_——— z s ay 5 s . ~ ¥ ar 5 4 
= vs -e a Se | . a. | * ae ‘ eo . Sy 5 c LW ? - ars . » aa a "y 
—_—_—_—_—_——_—_ < =“ de Radin esate aie | a eee ee —. er We : bi gl iu F . ‘et sf i rs ae ifs Fe 5 Simp. Baa wy ae a 
—————————— oc oa Rai ies ae aye ec ak .* > _ oe , a e Fi dal ll r , 7 “os wa tiedtt lala pa ba a) _ 
tee CO NR tenth Gps ce th eh at —— ae e : ’ : fo Oeemeg. ee TS Terai renee ah aad 
— —= ae aie, a 3 “eed ti ete ~ < D ww rs - et F oe - = L . a. a ae i whe if — i fade a 
———_——- — > ae , a aL iP 7A whee mae * x; pa “ Li we - ’ S = , , 4, Niles: = ee : Aa are 
z — —_— ae : vm A meted th akin = a. Pam i 5s i ® 7 = . ry Pa ; oT dil / - e ah pt Bi lS alad ol og oe ah dk ot ay 
—<——<=—. b Redeitnid Denon tee a Se te aA ae — te ah a et ek wre ‘ " aa ] H = pr id - ; ‘<4 * ah ik an. ¥ a x , ang. Ve sige ~ lt ee died a es oa re ae 
= ———— >< baptist i. Wieatt ten, be Matai toe Se a 3 am . % = - i f “.% . ra aed ss inf o et scinicatla 4 hf todillg ih nakailh bl atk, 
oa —— = ae ee | Se OY 4 OG - « aad are “Se t " . of 2 i ak — aes ss ae dl a | ate ed gh ott ade a ree a 
i a oO Pree Toes ae a palin > sa we i Seok 3 ahd =. Pica Co s : es . , - s fi. ete Le Ce oe cage p pew t- ‘ aoe fat cn dal me . 
———— ~ a ath Tete te Nw Ties en ean he es . TEEN SY wy. ae , : > ' i bd a - om 4 fad sla . Rg. Oat lat or lee sa at al ata , (dh dadit Mie 
pe + a x ae eres Saree ae pet hans Lar a \ . 7 ys P ze . e . en 7 a ee tha aa ong P st cd a Ses ee a. te 
2 — — ; Aw OURS GO tal aq Vo vainly 2 ATR “pe wet a . St : a K vn y y er : aes. ie et okt at neh od oo ay od at wD 
a — < a bn tp th stebeatien eh SCONE BQ rerwewrs.s, * 4 = " oS Ne = pi ‘i Lagi “ aa Pe ~ pasha elt de & Sted ati ad altel ahead oS ae a 
———— bl ee ti te at . a eS Sant i hk “ Th. ee eae > rs pe : , D bs = F = = - A * . ~ yp esti atti ak Meth all a 4 =! # dt atid ae area 
— > > in? oe bi he Pe ie he oe ih ne WV free % oh eet — ee " ward rs : be es < im en des ae ide Fa rs 5 ete oe at te - 
———_ She ap sil ee denletitatn Cole ee yO ed ee ee « a th as Pd AS 2 Ly “ ee a oh pielh A oT de SS Pe. lh Sic Me ogc. ~ Life adit sicbaated 
————__— — LL tt Pe en ey pill hetienins 4 eh Toe ans ror e ™ a - : =. - . ¥ as ’ : + 7 eg Ppa rp - , ae ae eT et dl ld Me a rm Pali ae 7 = re 
—_— — [pelican bes Unee heen te tahini he tis at a be eee rad —— he . ta! vd Pr steel Br , etl hon ee pga igh Ph bain craked Nea Li Ge Type 
—————— f ait, tetas tao iat ete le Ry - =" eC re a are teen - af ‘ _ ee J 7 *- ‘ ee r. c , hed al Sella alld a whe sheath tant tg a Pr 
—— a) RR ION, We, ne Tn TQ! ECS ae sy ormphrt oe eS ae pee ; é Chae) > d r : V Ore eee SS ep aollal ohn Tee. aati elt tea! arent oe a 
—_—— np teh he tele Hite Te Becta tee aes tareg, eh ty ROR SEW Rena aan hots . aoe ee hy — “4 4 , F es 3 Pe LO PE LA pg pte et atom teas Toh 5 
———————— = | peel Sis MM tel Taf babi Secten ten Bi ts edie t th eet is i mae come | ¥ ; ae “iat sl te r v 4 = ¥ alts aang eee tial a ana Rd ts al Lactictetiod > Real that nd: 
S ——. seal, atk ate oo a ka tna te A ee ot Poe eS > a ee ~~ — we wee ” . : = 7 | Ack ’ Ps i F epel ds ¥ dd ant’ OE So ed ee ol titel ad lied alt Ka ts x 
——— QO bedi Wein tn tae ee SQ Ure ee Se ee tat "7 ee a te Oe ae — as we ial ot oT = ’ n * atte Ae we a td ad ot a oo Sindh atihal- eked at ee 
reddened tp ledap i hn both fo eee Sk ee ts Mh nt dk Saas ee vd be te 7 y — a aa adi Por Aides a htiadl tole ath ell dia a ataet ata 
beth adhdein be te ee, bette a RS me Ne ee hE Bs ar ae we Fi aie ee ’ Tes as Lee ee fl gf @~vthg bal pl ndd athe a dt, als Ftd TS amp 
yt hele teh Mee he Se” ogre Oy eA ats eT 71. Sater hes ¥ ie i a gi tl aedina a ag ’ r Fayerer sneghg Pf -thatel Aidt te ale tee eet Ave gadll at MP hak aa . 
Letinntit- Siadiin A teh she Aa In ok oe eh lhe he dieted Ie te tae eB wre ®t 5 tye "a eee P v - is hs ee rn AT fal = 4 id bad a. ed ot ea PSE Pitted Sid dt hh ht. aah eh sat eld al Ay ona oe 
Sno ed Bde MeL hk te tHE el, Lote ee ate hee ete a ee ie A ns tn cpl, r ; . i Pes ~ had is ae Sg ee Bld dy dual Mad pet ot och ad alts OP doer Athy a 
, tbo bleed te Pine te tntinkePaten tea ees cf te 3 . , ~ i i alll a fv ios y a <aadh deal A Wh eon ch dient ah at od hg algal aay Peake dd 
es ete ts eal ak ee rtd saat Koh S Nee Mh Se is 7 “pega te ner ill il) nae Et od Poors ae 4 ¥ pap gory ea gaia deitiabedl Ae) eee PRE Ps 
ete hee Y a ar ae . a ae PP: * . > a we P . - a iu a 7 rs “© 4 re re oie ft is iti abe hy i hed Ml ot oe 2 ee > dle he ae eh od ee | a ae 
a a pi — Bes tia See Oe ho dae Bat ' 7 i . Sn il pf ss 4 _ t Feely i AME adn ahi tad Ao freer ead eigel be tell teed od 
Phe iih~) dele hl Biot, hash ta ny od tie Ya Se 2 Sm Satan mie . nee Ad re : : si wT ¥ rn é fer ow > ps ‘ <a P - - . Poe az. es wea - rete hic Peak od ed a, oS Pod tod athe el te ta a ae 
pinta t Be hi he a ttn th Pea A Aaa TD i This 2 oc a oe eeeeny : -9 were fon : , iO atta aoe ; rs i et gah as MA Ging oe bn aes : GR ye Aine, 5 a Mein deed h ga ey oe 
s SS oe ee TO anu maint tet fh ponte © 0 F-6,- pee “ ire! til, Bh dale ‘ : bites od y - » Pkt se Sot ie Ae be ‘ FIT 2 6850p opis Pet Ai AE a oe ho ak er, ote dhraltin ar ieee ae 
bo a lie a ET Tot Neate Ree ele ok Pend tee bth a aa Loans ae _ 2 Rei : 2 r ‘eadan pa ae eat diel EA Ati ak bes deme ae A Pvt pl tad Mahal od LP afetie eS 
oy ater oe oe ly tet od ek ee) Biel Sich taht Ras te te sachs Tak te 1k; Se tet ta oat ee ok tes aoe | = fw a aw ra; i E ye = umd ed a Pf b-0 DN ypteye 4 Meld dtc tine fee atch ed te pi nt i heteent F) a AS oe Po eee 
° deed allin 2 or S h Math Wirt Stes ba tatae tbe Seth eh te eT Fe — - Weidena en : fs i fe = “ eps u Pi vs aad ee Shares ae oh in ols pane eee ete a Fd Vee a 
Ay “ ba Sectatetie sles Sn fm iol Cea 9 ma AES vcr ers Se “tee vi as hsate kas c “gh S pe ts F yy e is Dial . Ze ut mee ei ei a in oo eee om w : te Pe na i Lars aig ett I" ee yy seep ok, Mee Bo od nt tl edt alites th ons ft hd 
Po ot winds a eo thee Lhe birdie has Sales tt Dong gt bak eee hi BS btn ey ee Eee es he < Waete 1 pe s bal n GOAL ig led We ta hak aaa LA OSG eos hon ened pare Wrst atts deste ipa cS foe OTe ath Bot a9 
b Secieoana, te aclgtali ea ce ot eek bates < abs RT Cer ote etek te OL Ry ee Oe oR tn en eee Ab agrier har gC Ae bo pL : a il ol bs, rm ae a i at kp a ory vale snes Ee eee tee AR Bt ok Ba Aad ids Leo hel as ath antl nel ina ee Vitara ee 
RS, ate at rae See a PE A rae NERS 5, OEMS Nic Len tose tre Be ik tle ni he ca tn ae tie SS a rh ape icy Ee ° y Da 4 wy on Aad a : WP ahd a ee i died heat e od tc hedehilad, aecat es op heak Lael: Pacaanghache ie ada 
ete bl al eC Ee Reta tale, oe ae Y ay HAA eta Oa hh i bee ee ete 4 ih ra hae : . po ak =—_—? = beh) PAGES oo ‘aus * atl Ml he ea et Lat ON call deus ee fae Rlhhlnten teh teed ens ete et ty 
N-enopei le eaed ebae ah 3 : : Mrtint tatoo ek es ere ons - St ‘ a4 pe Ly . . = Prev, gel: ate or Mle dl een ere peta hike We SOS oe AN ots Sak eae dbataatel Aad 
pi tetion Meh lana phe! Rv, th nh Reet te ti eth ee beak Ah eoal t \ h ip to dh ep oe wena wa Se err oe ‘ bg Fy a . Bhs nt MN ats Mah aE ee Pe dO See vate Tt Ll a edt bl cate baat) ahd ats (Shed dd Nae ath oh thot 
Ryclibrn: etnies leet a tot Lites tld cee id i eh ee ke Bi ; . Ah et ee Sete rH RD po noe re eee. ~eA Fa i ; ? E E an ae ' ory 4 : et ob sae ae MP4. @ ak" kU glad Pd as See ili AL cee Te Sate 
mite het ath eet i 6 Rie tle he hte shh Steeda toh Koon toh at eae deen Rear ke tn ne Re z sa dat Scho, we , “Ss bs + filets ll g Us aD hay ald Le eee) wate nh ate Ot ee bed ealnestied So tak Oe ee et cua ee 
Pearle he doblbtech th eth eet et pie tek es hethd, ips sh tote eT ar ee See a Th a Pp <fe Ug ee \ ie he | Cres ° hn a * pone ea sa a is Pap pw Richi beat ll ith Bs ee aad Me ae Ada) Dt ty erke At on ae ae 
ria tala hb Poliitace he sy tao ha Md ecient eee btm be eee te he bo Mek he LT rte a ah eae eT ik, ix tr a . w. i as Sl dante A ie att OP te lad atti tebe Moet aT. ATs phd ne ook iptheatherpty) cali rek ad Dia’? he ot a td ot oe 
a Apt tad tod ages tate ae ats b Pete Dhindee ein, oe Le ee i Se he Chae wean e hy a Sh ee pe ee dh: : i ay i f A nha Ati be SL baad ii Fae et to atte Oe Batit Alaa Aeg TL Pentied Sah doubhe > ook hol A TY Py aad one 
> mei et ce A tty wt techs Ss Ok ee Dieta arid Piped i § Rca a ; hb Apical sh Ta " ms Fee : Las Be on Tn wae Bis a ypie: tliat an ay aa ee Rad wok Pre Pe hae ede erv wd. 
ert Dl ee bach ttt pas age hoi teil be De eh ek Lie tate Eee tt Aa m te a! ati _ aii roa “ a ; id weld thes sae ay J ltl Ad cel ose PP vr a ARB pees deel Pati a Tf te hetinasfantnall Aa ad at aie es eta ro 
. eit] nyt intone ra ee ea ee buintn ine ake Lhe Qh sa er ae ree Ls i bes Oe ed aa eee Pe pets) — ,  Titin-t ‘ ‘ * r ww ee la | se edd iP cat oe I el ee eee ts atl soe pd ei eh lee ot Sian akis. fo Te a ~ 
tp le by tong are ie he ee eee Rabe he tn hie kee eee a ts ee ee RE ee ee eal Apatite Mee s Tw iY : 2 ¥ ® gore bint rj ae =f Mons ie Ad io ee ° re msgs Le ey oe tell AP AnD ali ah dad ak ROT ee oe fo a ead ie 
Dy Wetetnan Saeesate the 5 Ah Dectah tt ee slide hie Ye hike a eh rin Settee > Gon ae qe <*. 1% ae a pe lh “” AD aes Bi Cina cr Ds r ki ba a a A “ye ten a Pe io valet dies «oF cin hg da dtdit thee See pee ries Ee eee 7 a 
+» Maik rin ne hebeendt ie maha a en ee he on te Rr RAO Oh es Ay Rasa s Ae Nha ee re e s r%wes _— = . as ? - + gee — — pot Pel ind - tia Redd ea a ee ida ba A setae Ep ee en 
iad eatin Ung nag ata eT eta A cel Fe Nth SMe eth he tea tale hoe he a ‘ Live test tren bh 7 . Con C : dled. td ay edi res ey TE WP Se toe pe Pet we Foy PO ih pet D whae ELS SEY Ie 
i tedh he eh A ee tea Back hee Lis, Se St ee hd B59) -2 8 YS 4 ue Laan ye oe ae rh oieah ee c ry MS fi ' | - b - ‘ ¥ Ps , Pon B ¥ awe u Ba cine si a on i ee pane (es bat tl daalinath a) behets at eal ee Lelie eet a Bee ae: ret Atak oo Ade 
ith hale eS hen hehe t iat Ste TER Cee a hb te, Lib ata hot ah | Aa eee } a Apaarad: est, oc) F ‘ ae OT ee ree i es, il oe Dera poor e rm eT 6, SPUN A oh halal Gd te On al dh ia toe on all a ee lh) tht et ne ed 
ye Arteta h Spiar hh heehee ne a Te dete, te te tebe eh ta es hack uk ak es a 1%, ~ . “ Be bre ark, bd a aT Tt Se F Als Pt rs tat dele chal eats bl ial ih ah ae Fe ae ae pe Kp ID alls edad a de of, tee Nia tt halle me a ee 
vr bate nage tea eta te he bea liek ee St hte te at os oe eee : pee 2 — 2 F arte a . b ah ts Cea Te a> %® aw . iy re - a Kinpu ri = ¢ et ads at ae P Pore Ali cd we > ¥ fe  finfil dathee at i Le iafieeed ect Bares atl © dade ie ae ere 
yada Se tthe th ths brine ch tet <n Li aoe sO ie Pte hh oub tes te ee Pe 8 Se Ree Prete : * eh bd 7 ‘ re PR te esi - ca adh Die nt cL Cpbhe eri anit f. tt TH 0 » WHET: #F. neta oal theo ok dette So Lae he 
Be hmtn thle ha inl ae tT ee habitat en Ke Pi Se Rede wh th To bah ite ee a eC eS) “4 ares sm Ba ad Mv AWA Ss at . ¥ f : pee Poe eR gees Ra fl ow oe rE tah belinda ie hd at ate Ma Ot Se le ; Gael pat a fins 
ANE PsA git bP tet te-Reete ho oh ee i eh eke To hia htde Me hh hh ee ke ge et ed ae oe re * : bet hres oe ae . ‘ n La aps de daa De a, al eae DY oF ileal ae art oe t ep AB hor K chod OP > hy wee * ingen gd » Saleh td thats Th eee 
er rea Ga Ee Tt aie bth Vay boo AP re ey, Peet hk ‘he ail the ase f Ne 8 5 ant Ere ie “2 ie Miata la 4 oo ete P P " * f soet o b be ae he ere OP a eae eo ba lr cot OPPs zs tte } i he ot ee te Pe 2 Pw pres, re wher 
‘% ‘Fahd hate Saad 9 heh te Ib ioe ET ty Cte eet eee Fede pla eS en re eae me Pre fe Kit hat oe eran oa pte A Bae ee i cnn r a eet Y Oe a rlitt-nadall likin oc Aad Ee FW tw igop a, a POW eT Pied bd A. eh aiadakat rs 1 alle hteah ena 
Peedi a a paket teeth Gok Mots Feta a ho ad ot ee Mee Pate SOS eS Wats pedis eer ae eH ina Beha! ee te Ch y r Te | a ee mal - ¥ eae + tes wean at ath alah PA Fe MS Be me °- Seo na Ese ot ee 
at Ae at Hastie Shaler tedien eee Beth tel ee Ladi he Stee he hte tok th ee a eae ane eS) bo Meta ete Bo bs 5 r mks sad all I wit Tie a Vp TE Os. esteem, te pagar MMe Ae AL A Po eS oA waht Sa hn Veo tt 
ad hon hi Mitt hat te hee evr =i, ohh tay Liha Sento te RL > RES, a ee 4, 2 >a 2 ye eee A? ye IN ae ag Ate pe ee sla st ¥ ’ Fe oer # wa on) , a Pes.» Pode Py hoe Ok Dal soll el Ds tM Aah dha oh aed ot ha Atel atid ne ad Te 
pid ay bite oa ETAL 4 dale bates Shins bits eke a Le EK Se ie oe Se ee Oe . Tei ee mea 4 Sarr Mt. 3 APS i. Fay a te a ae a f " F, Pa lie ted, i Aoeelisde ead ay tallies ar Le eh eae at dade Ld ei at ite ha Soe ee at ake Mitiptaett Lak Ma Te ne ee? 
Ripstop big Jevip te Silad, taht Corte nt hr ; Fei bah a tt eee i a he eh tet CAE Saye oe a ee ees a iY , ase Setlist td ag he We Bd MT eal és eo te eh fot Acted Bt hot ah shad haat whe Lf peek cen y we x 
lk led Wyola indie by Ree ETL = Nea eee os Sia ete ps SN ena het a op = Mie . A _ ure 5 P Q Fi vr aD ani inte Ad Day ag | uate hada ree 2, Aa  "3- ot Mie ed bed utat tele at toe te ee ae ee 
aw hehe rw ip te Rita ah Se ents, ba tetas th Mp hey Seared, Neato ces a ameh Ghee . eK baa rPu ie eine x eee hi - ut a : — . ot y ; tha SRB ¢ gael at Joma - Se os oes gy ptt AA lh art data pA tient TE coe het os daa hin ett 
Spikes s bhi 0 ha Sy OO ade tataee A TAA by Seth, A ee koe ee Li malin Tae ti en te he IC A ok re ‘<-> r ean ee - ) F H re alata Ao hl Be he non ace pte delet ae peal Mand ot de no ip At heat: A ok ne 
xa hip Wb leita tan, Deeb de he Ried th Lin adeeb dicie Sa Nae ee WS lg Raat ht ee, we a A RA 5 NS aed ak et aa ty 5 ce ran =» oe a . hg oat at hi on od en ee be Se Pe HG Pathe ead the arora hind Ft adl f lh iid fh ne ol ot Sie 
ea ed « Alt oe et ee Scheie ts Td be tote Be ke a ee ot ek oe a te atte a ru) 1s e she ys aoe a tad Lia cs 5 : - ep “ey LA lt ee oa at ae bt. Ban net ge pad ple Lae ee nites Mal Dis oe ee Santali A ph tea? een ao 
deli Ih de Seria No aden Upetedl Pah hae ie Retin! ide ae Bo Met hr te eee bale ie ed mele Se bet atate % Me ne feo eye Ih a ae ~ ht | aa bE i ui ad dal ’ nervy Sd i te, ee at LS el eee ee | Captnd Se te ined tale dS ae ok Mg are dent lla tae hh ol ea ps 
eA MLE GA Eo eh ee Plate te abe Sh aA ek tea ee ee ak SR TR eta ith rater a Z s os Lah Fe Ot aad gp estat, “pti gle ieigapts Lah Fh ihe ays i tal nce dead eet PT TS FF ep wpe aay 
Je Aneta iecnutng) See WAAR ee a BELA WE Be Ser a ; a alia a <5 cs ' : a) 2 . a ‘ Fated bet se aad —_ Ott lt a Ba sets. 6 ater ANT hot nck ake ee it | Again. 2 satan 
‘ ri % ‘a a bea 5 ih | WH oy, Reta %. Si, ie = ate we be ry Ralls ie A 1 - ate 2 iy be Bo tds _ . r yer & a tad} err ¥ a . " ba ro “i beh Si he baat Ww 4 4 hat) | oY , ede eet oe ee 
“he et a ry het eet Cee eT tan een Te tan ee ne f Pay TS” eta ‘ +56 ict naps See t : > 4 el al pee iets b PERF Vo ee PB ahh Ath sae wth io itl ee ee PEL 2 fam 
Ae Sete Syren ecm ech ee ee LS PA ees Ya pee baka os ee ww EE EAR Oy tyoep ares Se het Ao Sata, yet = e yan , f ' > gee gay | lahat At ae ae A had gh PR ee ETE T bt Ge we we + nad Med ated need Se 
Saath Nt bere eae eG Gtr Retetdingd erk hee ae Lobe ae a ee ah ear ak A eo ay Se Fe ee a he a Sag He or ga , hs nh a on - ba stilts apt.d dll is dae oe soi SP pe OP EO wm be. in A tan ge a leet ott of eek te 
ra ope 7 idole bu Soe Meth te ee Mei een, tee th Te eee te hte POU AE bts he te heen te te tet Weyepedate a ae bE Sead “aw San files NaS i Tay rm * pee = - res >) yore P e Plas - Pe oe Aen ‘One Fil OG Cee hedh tad bal oes Auntie et") eda ibe eae ee 
Tht tl mo ba erik Went es bates ie Soho a Lhe Ei Sen te tet wna tah Ap Qos Pi ih (oa Cree Sh 3 . " : : - = era de ee ones 104 hs dod ee Te F Te It , pide ad of eth olin dt pill ht dante, he made tere 
rae rea pears er Bae Sti Be V9.0 ot arene ayy eh ite Nets re Hee Aap 5 a, a Gs 7 et aa ea = a . Me ws " ; a he eee Pode “rey : ‘ rey iy Cat he tra ae pe ed ak LP ehda tee tn idee aL tpg 
a tab tee teak ay Diplomate Lek bic Re Sed, Sond tite bas Va aad ET at RO ee en hos Sel 2 _ °* ba a . 7 . Zs U sa ald Le ee a ee ey ae pans owes ste dela st ot a ida ld oe ee he SAL aia tee Lee TT 
Sth telicth ic etketete Rea ten haltene te tee tee Reker id hk sho oth etek eee nhl to dhe he rat eee Pee tibia Rewer lk CY Lire ts betes eww. it ALL oft, ms cae it ih Anata il at neal Soe beac hl sag ade TA iat tad Pt cg india eh Pah ss nah Poth shes dk te ee + aw 
Lene antes elie Se bok Nn a) Ree keke ht tate eG hale ata Ge restates Rae Pa oh ar het jpeee IT ss is , ee is . ; Oia td LT sn ae a Wi Maman tty ee tee o< ed did HED ote et st Lpanhitd Gist teeta tL yt 
lees Melita Udine, Sa phan: Ga atin har ah tee RT be Sees, oe Kees bis Ce ka eth a Rai O08 pe teal cna Se te 4 a f- S sa ae v — , wt late : Sat. iat al Me Le gS ees elidel mek ee fe Lind a5 act hl veadgh aL 
Det ieitie Binds Sheng x She he a Ke rae hal a TT tier nei) a ee ie Re lait bt, todas, oh SOL hate ee OF p a Pe, oe ab mt _ tol . Lt nes a ee, Jo Le A tarde SE ee etal 4 Perak A thetees RLY OE Pe dtl aa shel al age 
-niiibitheas Mean ttn esate tos Bhp Persian thd ta Bs hs Aa hat Salt Cate ely SET ee et So ee RPO Tt hah en ta PRs ona ek oe ae at te te eh bei ae os tes te Oho f ‘rn! rs ‘Hirer we Ce hieg GL <i hale ode ee Ss ae eT I Sb et ede ait he Lomichiateade tat osha oh rt at Wy oa Sel meds Nek ee 
SS yb ere Bape Naat whe es ba LeMans Pal Ale Pd ieee tytn dN TS tte te be vee * yt ale s _— toe - x yA v A Lil, ps Bi ' rs ie on, . a A eh Stack wot J r prt O88 ahd or rs LAL ems IRL ee OMT 7 rome ped & ape « 
GS ~ ~* he Sal ee eS oe we i.e he cla da, Beit ts % &PAy ah o4 4 Urey See te “Rt a esi A, » é any Ce Fe ON 4 oh AA. Paelt_- ord ill) a \ a heh hdl le Own. fen eS 
a ee tant MMe & CL beater yw pier et Shee eS are raid Spy Fk sro as , ¢fehe Li Y ‘ . ea - > s 7 an ~ is or ne ie pa ree sre ca ahd F hes > vy Lead oho P Seabee hook SY Se ee Pee SAE I xs 
et ear ee Rae LOR na? Meee Gok Shi Toa ee ty a Lute Salads ha ar BK ESR Rw eh ie Radha Sd POR he eee en ae J Sear 4 ne . oe ve uj oe se igre athe had tnd tal Paha hakaied 0 2 ts ede ao os 
Seog eNOS SRA er tat Cea Rotana he Rahs oe Saha lta bes at Ra a YR ' ie pp anata Cote Side ae ok eel ate ne aE Ben nem aildee 
he bee bts hi tat Tk eo she Reet foe tee el Wyden lin ee Om ee p Ai eh ese. 1-4) ‘ 2 : 4 Lol Safi ae Fs ary * i eg * “ROSE ide ct dima + Rates a Dd JP taf Ih a ad aay Shy, Poe 
hon dee oare pe Ae el tot cael ene ee bl oon eT arrest Ww res Peers my en te a ¥ wil ; a a rv. ny 4 - - bi r oris-r t ee nants 9 Shasta Wr des sade bill Pe | Seal a be P Pavey -3 « Ox rele . Kcr st ha) 
Ces par The i ek Te RT te er Slates ec Tee, c Sah hte ey 4.1 ia tn 4 3 aoe Metddinri i | moet rE x rid hs 5 oe hee a <>, = PE AEF sdk Pd Le Po aP sf Mh a eA tl pial bee lg hie? eee TORS wy agg can 
2 Satan dehy tech Ca eee a en ng ae REARS RE NCS UNO aa 0 tl Pe Dea i Ppmteulrcs SU ths an “ s eu iP Asad. fantn, he ea Fe es i to +e CPAs NPR Melee ee seat a oe Te oP Pel peokett de hg ee er 
eh ew, be hetod, ehh ths Su | Ce eT Ae a So a Mie aay PO te eo La ee ON eee cs Ria A SD Sel Rs 4 tes So, \ nd tR a Fi ; . en Sita dn eae iP 4rd -- sw OP, - Sane es ri Dk ee ee 6 ra eel 
Jalen bath t hefudieite as th Sibel atk ot Te MG 2h URE VU Ee egy ee eR - ~ ‘ 2s, cr Get etea ¢ th aa be weld or ro ere . us Spe Lam Bing Te Feed 0-8 lensing Sew tg aplgens, seal ard * 
Se ah ey knee) ROSCA aa ph lol hh he eR Sy est Pa, pene mL aes C Petes. pe os jf: zg 
ins teat lente, Soh ote Reh SA agate te Sage Ua er, ohh toe DW i ot AN me ni t Oia ee ad _— a a" 
ka tae | kA in Aa S be Gk a 
ope ley hE e Nis deh ide: Le a) 
at ), i re o ca 
tabs ell hater Pale Sn ieee ee Sk 





